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of GREAT-BRITAIN, LY 


DES F whilſt Vour Lordſhip” $ li 
are taken up with an Em- 
ane > 75 the greateſt Fa- 

ue as well as the higheſt 
Honour, eek can be any Time allow d 


fat Recreation, your * makes 
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Jv Dedication. 

that Your Diverſion, which few can at- 
rain to; without painful Application and 
laborious Study. To become a skilful 
Mathematician and a ſound Philoſopher, 
and at the ſame time ſhine in other Parts 
of Learning, requires a great and exten- 
ſive Genius: But to lead a Life of Bu- 
ſineſs, and be eminent in the Law, 
where Reputation is only got by conſtant 
Practict as well as Brightneſs of Parts: 


And in thoſe f nutes of Lei- 
ſu N el een in, and 
are, as it were, ſtoln from Sleep; to 
play with" all che latticacies uf Lins es and 
Numbers, to view and underſtand the 
Fyſtemn pf che World} the Freponion 
Symmetry, and Harmony of its ſeveral 
Parts; to be acquainted with all the Ex- 
periments of Conſequence that have been 
made, and be able to contrive new ones 
28 uſeful as inſtructive: was only reſerv d 
to Nen of uncommon Capacities, and 
to none in ſo eminent a Degree as to 

your, Lordſhip. | - 1 


Thee Hondur Fhave had of being ad- 
mitted into your Lordſhip's Con verſa - 


Dedication. *y 


tion, has given me an Opportunity to 
know which of the Winde Hatten 3 
ces are chiefly lik d by you: And as 

Aſtronomy and Optics ſeem to have the 
Preference, I thought chis Trarflation of 
Dr. 5 Graveſande's Secohd Volume wou d 

not be unacceptabduu 
Hlere you have the Principles of the 
common Optics reduc d iuto 2 mall 
Compaſs, and confirm A by ne Expe- 
riments of the Authors own Invention: 
A fine Application. of the Action of Ele- 
ctric Bodies ro difcover the Namie. of 
Fire: And Sir IS KAG NEwton's 
Doctrine of Light and Colours prov'd, 
by the moſt conſiderable of his Experi- 
ments, which Dt. #Graveſande performs 
with an Apparatus very ingeniouſly con- 
triv'd, and nicely expreſs d by curious 
Figures. The laſt Bart of this Volume 
not only leads a Beginner gradually on 
from the moſt ſimple to Lhe. 0:9; þ the 
moſt difhcult Phandmena of ' Aſtronomy ; 
but gives ſuch a phyſical Account of the 
Celeſtial Motions as muſt be fully ſatis- 


factory to the beſt Geometricians. There 
liier pour 


% 


vj Dedication. 
your Lordſhip will ſee with Pleaſure, 
that chat there are Profeſſors abroad who 
underftand the PRINcI IA; and have ſo 
juſt a Value for that excellent Book, as 
to take Pains to propagate the wonderful 
Truths which it demonſtrates, ſo as to 
make them plain to ſuch Philoſophers as 
are not yet able to go thro all the diffi- 
cult Propoſitions from whence they are 
deduc'd. But I vill detain your Lord- 
| ſhip no longer, either from the impor- 
tant Buſineſs of your Station, or the 
79 391 of the Author, than while 

I beg leave to ſubſeribe myſelt, 

W 

Your Lordſhips 
moſt Oblig d, 
moſt Obedient, and 
moſt Humble Servant, 


5 He. 3 * Fr 5 2 
J. T.DESAGULIERS, 


— — 


8. 8 The Au THORS + 
PREFACE 


VL Spoke of the Method of reaſoning to be uſed in 
21 Natural Philoſophy, in the juſt Chapter of 
= the firſt Volume, and in the Preface endea- 

"A wour'd to vindicate the goodneſs of the Method 

J have follow'd. There are ſeveral remark- 
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, 
* > 
| * 
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His Arber the Planetary Syſtem, and particularly 
"of the Motion of the Moon, is not leſs worthy of eternal 
Praiſes, being likely to carry Aſtronomy to a greater pitchof 


— 44+ 440; 
4% 


Perfection, than the niceſt Obſervations alons cou d poſſibly 
? 4 I * ; \ o S % W 3 + * & % - w 4 - * 
r 3 7 do. 
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xi. The PREFACE. 


do. For if a Man is acquainted with the Laws, that 
govern the Syſtem of the World, he will be able to make a 
better uſe of his Obſervations, and to cumpute the Metions 


of the heavenly Bodies more exatily, than if he bad nothing, | 


but Obſervations 10 direſt bim. 
Tt was my Defign in theſe two Books, to giv my Reader 


| a general Notion of the chief Things yr Jy by Sir Vaac 


Newton in Natural Phitofophy, and thereby to encourage 
him to the Study of the more abſtruſe, and at the ſame Time 
more ſublime Parts of Mathematics, after he has learned the 


feſt principles of Geometry to fit him for the reading of theſe = 
P 


n Elements. He will, as it were, go to the Fountain 
Head, when he reads the Writings of our great Philoſopher, 
which will reveal ſuch things tohim, as were unknown to the 
profoundeft Philoſophers before him; and which, tho 
publiſhed, are ſtill aſecret to all but thorough Mathematicians. 


I have only a few Words more to ſay to. the Emglifs 
HO. roncerning the two Engliſh Trapſtations of this 
or 5 | 


IT o 


A, tedious and diſtaſteful as an Author's complaints 
generally prove, they cannot, however, be diſalow'd, when 
they are grounded upon fuch an Injury done to the Author, 


4 it is his Readers intereſt to be inform d of. 


Soon after the publication of the firſt Volume of theſe 
Elements, it was tranſlated into Engliſh, and printed in 
London, ” with the Name of a_ Celebrated Profeſſor f 
Mathematics, eminent for his Writings, inſcrib'd on the 
Title Page, as if be had hok'd over and correfted this 
Tranſlation. But whoever examines any one Page in the 


Book, will immediately diſcover the wrong done to that 
Learned Gentleman, and the abuſe made of his Nome; 


Fnce he will every where perceive manifeſt Signs of the 
' Tranſlator 's ignorance of the very Principles of Phyſics aud 


Mathematics ; not to mention his negligence with regard ” 


» 
# 
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The PRE FACE. xiij. 
the correfling of the Additions at the end of the Book, to 
the Numbers in the Margin, and the diſtinction of the 


e 2 
Defler Deſaguliers, wh matt 7 Philo phy, and 


a7 in making Experiments are ſo well known, began to 


tranſlate the ſame Work about the ſame Time as the other, 


or rather before. But this obliging him to make more than 


ordinary haſte, he could not. himſelf. wholly avoid the dual 


coſoqnences of 100 much precipitation; &. 


T H E : 
1 


The Tranſlator to the Reader. 


H E Reſt of the Author's Preface, I have left 

our, as is related only to the Diſpute among 
the Bookſellers. As to the faults in the firſt Volume, 
(the half of which was done into Engliſ and printed 
in leſs than a Fortnight.) I have carefully corrected 
them; and given a full Errata in reſpe& to the Body 
of the Book, the Marginal Numbers, and the Plates; 
a great many of the Alterations: and Emendations 
having been communicated to me by the Learned Au- 
thor himſelf, and ſome were printed at the End of his 
Second Volume, as an Additional Errata to the Firſt. 
J hope the Reader will find very few Faults in this 
Tranſlation, except what are Faults of the Preſs, moſt 
of which, I believe, may be correRed by help of the 
following. 8 | 
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11 


the ſborteſt Day. p. 199. 1. 25. r. particula 


E R RAT A. 


AGE 3. line penult. read ſometimes, I. 22. r. Linnen. p. 4. I. 6. 
r. holds towards. I. 13. inſert Plate I. Fig. 2. ] p. 5. I. 32. r. 
Wire 26d. p. 16. I. 17. r. for we obſerve that. p. 18. I. 13 r. Di- 
latation. p. 23. I. 14. r. by a few. p. 26. I. 29. inſert | Plate IV. 
Fig. I.] p. 39. 1. 7. r. as was to be confirm'd by this Experiment. 
41. J. 9 r. RC. p. 45.1. 8. r. made up of innumerabſe parallel 
ays. p. 48.1. 15, 16, and 17 muſt al be in Italic Characters. p. 49. 
1. 20. r, along p G. 1. 23. r. between B O and A u. I. 24. for Be ＋ 
p. 51. I. 30. for f r. f. I 34. r. imaginary Focus. p 64-1, 25. from 
t be Word when to the Word unchangeable 1. 29. Suppoſe thoſe four 
Lines written in Italic Characters. p. 66. I. 3. for alter r. alters, p. 
69. 1. 29. r. leſs diverging. p. 77. 1- 17+ r. too ſenſible. p. 10. I. 9, 


P 


ele. in p. 81.1 5. r. poliſb'd Surface. I. 7. r. in all its Pointe re-. 


#s the Light only one way. 1 8. r. in Curve as well 1, 30. re [ Fig.1.] 
2 90. I. 10. r. but ſuppoſing A. p. 98. I. 5 r. will be double. p 17 
L 15, r. Side of the. p. 101. 1. 11. r. oppoſite to. p. 1 8. I. 5. r. 
ting d with Colours, p. 110. 1.18 r. the others between FM. p. 113. 
1. 9 r. the Board Q. p. 118 1.17. r. Experiment. p. 123. I. 7. r. be- 
come wholly reflected p. 124. 1.25. f. but theſe Rays. p. 125. I 21. 
in the Priſms DD, DD. I. 28. r. the Surface of the Priſm DD, 
34. 1. in the Priſm BB. p. 126. I. 31. f. #7 nor. neceſſary. p. 128. 
I. 5. r. is refracted. I. 12. r. is in Part reflected. p. 1 29.1. 8: r. the 
incident ones. I. penult. r. which is found. 7 . J. 6 dele they. 
140, I. 2. r. whole Thickneſſes. 1.13. r. whoſe Thickneſſes. p.147. 
9 r. as plainly appears. p.15 1. I 3 I. r. the middle Point C. I. alt. 
r. falls in with the Center. p. 154. 1. 15. r. in this Reſpe& Aſtro, 
nomers have been able to make no Obſervations. 1. 30. r. Di- 
menſions of the Orbits. 1. 32. r. Nodes of each Orbit. p. 155. 
I. 4. r. the Mean Diſtance. 1. 7. r. the other Diſtances. p. 170. 
1. 28. r. D, E, E, V. p. 193. I. 30. r. not always viſible. p. 174. 1. 
7. r. the Emerſion. I. 24 r. there appears p. 180 1 9. r. the Sha. 
dow GH. p. 182.1. x. r. which is intercepted. p. 193. I. 3. r. 
Meridian of a Place p.198. I. ult. r. the wy intenſe Cold is not upon 
r Places. p. 209. I. 20. r. 
Quantities of Motion. p. 228. I. 11. r. compute the Motion of 


the Moon. p. 234. I. 2. f. Elliptic Lines. p. 236. 1. 15. r. neareſt 


to it. p. 239. 1. 29. r. alſo the Motion. p. 241. I. 21. r. which 
will follow that Direction only. p. 244+ 1. 16, 17. r. and the Aug- 


mentation or Addition is to the Gravity. p. 245+1. 19. r. is to th. 


ravity. 1. 27. is to the Gravity of the Moon, p. 247. I. 33. r. 


G 
woa be diminiſh'd. p 256 J. 10. r. _— in the Quadratures. 
t 


p. 2 57. 1. 32. r. are alſo deduc'd. 1 33. r. the Sun upon the Moon. 
p. N greater, p. 269. I. 7. r. Sides A C. p. 2741. 


9 ERRA. 


Ly 
— 


£ 'R RATA i in the Marginal Nutbes 


Ack : line 12 read (549). 1 16. r. (550). page 3. 1 40. f 
15. I. 1. r. n Ark, oh 5. r. ( ER 
31. r. (641). p. 43. I. 5 r, (659) P. 51. Taue 
_ Þ 73.1. 23. r. (759). 777 is: 4005 8. r. 1.6 7. ( (799% | 
166. 1 184 1. 1 T. r. (“ 6) 13. yy 4 
6418. co the bed Feed) 7. 71 3 is 


( 9.1.9. r. (562). p. 9. I. 27. r. J. Þ- 937 
1 0 ez 171 7 r. (8g). I. 3. PET 10 0 
r. (598). 123. 41 779. 1 34 dele (600 Pace ts 

p. 29. L 18. r. (628). 1, 24 r. 6673 p. 31. * to. Er 

(686). I. 22. r. 867), 1.21. 1. ( r 7 
(Mention ). Lok 5 . p. 28, xr. (623). p. 581 9. r. (719 
82.1. — T. (786). n r. go. 

1 15 W gs "taped 1. Fog) Mt 15 445 

117.1 by be p. 134.1. 4 r. (884). of _ 1 1. r. 

riſm at the Word Ecti 194. 1.4.r. (* 1143) referri was 
Word (u p. H 41780. 11. r. (111) of 


5 231 F. 


20. f. (1255). P. 238. I. _ r. 65 ＋ 776K 244 J. = r. 77 4 


261, r. C* 1314.) p. Is 6). p. 27%: 1 we- 
* 6 N 279. L 17.7, * Anh 4 = L 14. r. 14 
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. GHA/PHD . .. 
Ne the N of kus in general: IT; 


W241 KAY] Jer Sher WESC at 
ME H © we "know ſeveral. & of 
Fire, yet we are ignorant of a 
many. chings relating to it. 
TI. ſhal not invent Hebbel | Rs ſes, but ; 
= rca/on from Experiments, and leave 
DR. ea iT A YODB Sc 1 * 
Fire eaftly\petietrates thro' all Bolii, 1 
and hart they are. For ay 9am 90 ar yer kon 
any Body,.thas' by Done 


Mor. IL 


der been heared malie Points that is, in * 


\ ire wither very ſuiſth, As appears From Aſtro 
. lomitarObfervatians , © // // at 
546; Fre unites elf 10 Bodies ; , bor — they are 


brought to the Fire, they grow hot, as we ſaid 
547 efore.; and in that caſe they expand « or ſwel > Which 
epanſion is alſo obſerv d in ſuch Bodies whoſe 

548 Parts do not cohere, -in which caſe they alſo ac- 
| quire a Eee Degrer A Sg, as is N d in 
AR Vapoars. 1 eat ö 
hat Fire i attrabled by. Bodies at a certain Di- 


ſtance from them, bem, ri be ſhe wn in the following 
* 611 Part of this Book 
Vmored againſt one 


e violet ty 

Aal wo 2 N ch 2 Friction, 
and that to a great 1 *6ay which ſhews char 
Bodies contain Fire in Ns r by rubbing, 
Fire may be put i Motion, and ſeparated from 


| X'Body, but can by no means be generated oe 
way. 


Haring laid down theſe general Heads, we 
muſt examine! e Things aber enen. 


GAA n 
Tbat Fine Ae re Badias, aii is contuin d 


in them; where we hall allo | eak o 
10 Electriciiy . Wosz 3 hs 225 1 


25572 10 24610021 928947 297 9111 Vw» i 

S we dave already ſaid; cone may 
that Fire is comain'd 0 21 Bodies, 
——— but what mia de heat. 
* 550 ed by Attrition and that it coheres Witk 
the Parts of Bollies) appears in Smofe and Va- 
peaurs: fer Smokerand: Vapours. are made up of 
Parts ſeparated from 8 * ugitared 1 


— 


201 


Book III. 7 be Philoſophy. 3 


times very violently) by the Fire that is Join a 
with them. 

* There are beſides, (ever remarkable Phizno- 
mena ariſing from Fire contain d in Bodies, ſome 
of which we ſhall here mention; amongſt which 
there are ſuch as relate very much to Electricity, 
for which reaſon we muſt alſo treat of the Pha- 
eee 108105 91 


Daze att 1 
5 Weasel i that Property of Bodies, 5 h 551 
(when they are heated by Attrition) they „and 
repel lighter Bodies at a Senſible Diſtince: 


4 S 
6 wad 


: Repo = Take: two W e Jos Rock 552 


Chryſtal and rub them together, and immediately 


they will appear luminous all over, tho tber de 


not acquite any-fenſible Heat by that Attrit io. 

Light. (as well as Heat) is a Provf that there is 
Fire in a Body. The greateſt Light is in thoſe 
Role Aae the ing touch one another.” 11 . 


2 Tale A Glaſs Tube iger 48 573 
Inches long, and one Inch in Diameter, and rub 
it with a Linen or Woolen Cloth; and it wil 
n Liar in rhe Dan „ ile 40 
LW Tt 101 113 1200 
— 1 Plate Þg. 43 This Tobe feats 544 
ed by rubbing, has a very ſenſible Electricity; for 
if light Bodies, ſuch as Pieces of Leaf Gold; and 
Soot, be laid upon a Plane, and the "Tube 'be 
brought near them, they will be put in Motion, 
— repelled, and dtiven ſeveral Ways by 
the Tube: -Tke Tube acts at different Diſtances, 
„ the different State of the Alt; ſome? 
e Diſtance of one Foot'; when the Alt 
is full of Vapoars the Eee is „ diminifticd.”" 
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555 There is one ng: remarkable, and very hard 
to ThE: in this Experiment, concerning the 
Direction of the. Attrition; hen you rub the 
Tube, one End of it is held in ↄne Hand, whilſt 

it is cubb d with the other; which if it be done 

from the Hand that holds towards the other End 
of the Tabs, the Ee will not be ſenſible; but 


if you = rom the free End of the Tube to- 
wi the End held in the Hand, the contrary 


will happen. And this happens indifferently, 

. whether you hold the. eren 0: the ſhut; End of 

1 abe in your Hand-. 5 
the follo Experiments," "Gia Globes 


are ſwiftly whirl” _ ; to perform which 
there muſt be a, cyligdzic.Neck it each End col 
cyery Globe; but only, one of theſe Necks is to 
pen, and both are to have Braſs Ferrels, 
uch a are repreſented at G: a Cock E muſt be 
ſcrew d on to Bas errel / at the open Neck, and 
Wh oppoſite, Braſs: Ferrel muſt have a -linls 

heel. x of abou an ch and a half Diameter, 
join d to it, with a ſmall Braſs Axis ſtanding out: 
there juſt ſuch another Piece df Hraſa ſere u d 

0 — eps be taken con and 
? at pleaſure. 
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Theſe: Axes go about a quarter 
an Inch into the Pillars/$$; that ſuppart the 
Globe, and are Centers for it to whirl open 
S — A F mcih 
The, Pillars 8 8, 1 8 
tal Board of 3 2 a hal — 
intp threg other Boards, 8 2 bel ſetn in the 


3 that which Ratds foraright; there 
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ns 
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— 


d that ypu may che at che lower avon 
of the Piltar, to make it ſaſt with a Nut or Scre vv. 
The other Pillat & is lie wiſe ſallen d hy a Screw. 
applied under the hrisental Board, and moved: 
forwardg.gnd; backwards is a Slit of 4:af y Inches 
long before it be made faſt, in order to take the 
VIS aK 8 fl th 34 Glaſs 
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re larger or {maller than others, according to 
different Experiments to be made. 

There is a * Wheel R which is turn'd round 
by means öf the Handle M, and thereby gives a 
7 ſwift whiklin Motion 'to the Globe G. 

In the Side of the upper Board there is à Slit, 
long which t rr yt may be moved, by means 
A the Screw c, 
Rope that poſes re round the Wheels Rand r. 


ies 


Experiment 4, & 5. Plate Il. Pig. 1 Ab 


o the Machine abovemention'd, and let it be 
priskly whirl'd in a dark Place, the Hand all the 
#hile being held againſt it, to give it Attrition 


ppear all luminous within, but moſtiy l 0 where 
he Hand touches the Glaſs. 
But if the Globe has Air in it, and bei 
rd in the fame manner, the Hand be ap- 
lied to it, no Light appears either in the inner 
r outet Surface of the Glaſs; but Bodies at 2 
mall Diſtance from the Glaſs (as for Example, 
Fa quarter of an Inch, or nearer) become lumi- 
ous; and ſo only thoſe Parts of the Hand held 
gainſt the Glaſs, which terminate; or rather en- 
iron the Parts that immediately touch the 
lobe, are luminous. * 
© Kxptrimet 6. Plate 1 Pg. 2] Te t 90 Globe 
gade uſe of in the foregoing Experiments, and 
i it in between the Pillars, to whirl it ag be- 
Then take a Braſs Wire ar circularly bent 
che — * and fix it ſo that its Ie 
art may Inches off of the Globe, 
= fra Ra Proc 
tended towards of the Globe; 
| N | come 


Blaſs Globe of about 8 or 9 Icches Diameter, 


g er e | which be- 


5 
Blaſs Globes in and our, and to take in ſuch as 


order to keep ſtretch'd the 


37 


BSE the Giche be exhauſted'of Fts Air, it WII 


ng 558 
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come within a quarter of an Inch of the Surface 


of the Globe. PHO 0627 £910 10 53541919 

Whirl the Globe and apply the Hand, and im- 
mediately the Threads will be moved irregular- 
Jy-by.the Agitation of the Air; but when the 

laſs is heated by the Attrition, all the Threads 
are directed towards the Center of the Globe, as 
may be ſeen in the Figure: And. if the Hand be 
applied a little on one Side, or nearer the Pole 
of the Globe, the Threads will. be directed to- 
wards that Point of the Axis which is under the 


Ik che Air be drawn out of the Globe, this 
Whole Effect ceaſes. be ond ES KT 


* | Experiment 7. Plate J. Br 3. J. Take another 
Globe like the former; only differing in this, 


| OY 


that the open d Neck muſt have a larget Opening 


than that of the Globe G, ſo that you may put 


into it a round flat Piece of Wood a, that has a 
Bras Wire for its 


| Axis. In order to ſix this 
Piece of Wood in the middle of the Globe, its 
Axis muſt be firmly ſcrew d to the middle of the 
Cover that is join'd to the open Neck of the 
Globe at h: and the Cock E is alſo join d to the 
middle of the Cover on the Outſide. 

Io the wooden Circle ſmall Threads are fas 
ſten'd, which. being extended, almoſt touch the 
inner Surface of the Globe. 


: 


Tarn the great Wheel ſo as to whirl the Globe, 
- and: rub it till it becomes warm, as wa 
daone in the former. Experiments; if you ceaſe] 


to whirl the Globe, and the Hand be taken off 
che Threads will immediately ſtretch themſelves 


out like Radii from the Center towards the Sur- 
face of the Globe, yet they hardly remain one 


Moment at reſt; 7 for. tho the Globe be exact. 
mut, theſe Threads will be put in Motion, -as 
Y = . „ 25 be ars 
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appears- by blowing F ainſt the Globe, tho? you 
ſtand two Foot off or farther from the Globe. If 
you' bring your Finger towards the Globe, tho“ 
you do not touch it, the Threads next to it will be 
attracted dy the Finger, and directed towards it; : 
nay, and ſometimes they fly from it. If you ap- 
ply the whole Hand to the Globe, the Threads 
will be moved violently and irregularly. 15 
And if all the Air be drawn our, as in the 
foregoing Experiment, the whole Effect ceaſes ; 
and the Threads (both before arid after the Fri- 
Rion)- only hang down by their Gravity. 
If we attend to all the foregoing Experiments, 
the following” Concluſions ſeem to be naturally 
Ndeduced from them, which we do not give out 
other as certain, but very probable; for we muſt ; | 
this, WF ways diſtinguiſh Certainty from Probability. 
ening Wl © That Glaſs contains in it, and has about its Sur- 5 63 
y put Wl face, à certain Atmoſphere, which is excited by Fri- 
has aon,“ and put into a vibratory Motion; for it at- 554, 


F fs rr 


this tracts and repels light Bodies the ſmalleſt Parts 5 of 
e, its of the Glaſs are agitated by the Attrition, and by Rn 
of the reaſon of their Elaſticity, their Motion is vibra- 
xf the tory, which is communicated to the Atmoſphere 


abovemention'd;* and therefore that Atmoſſ here. 
exerts its Action the farther, the greater Agita-- 
tion the Parts of the Glaſs receive when a greater 
Attrition' is given to the Glaſs.” 3 
' The Fire contain d in the Glaſs i el h the 564 
Attion of this Atmoſphere; at leaſt it i moy'd with * 
ir. For when light Bodies are put in Motion at 
a Diſtance from the Glaſs, the Bodies allo, by: "= 
come lacid at a Diſtance* 95% - 
It is plain, that this Armiſphere and Fire is more 565 
eafily mov/'d in n Place void of Air: For if the 
Globe be exhauſted of its Air, there can be per 
ceiv'd no Light, nor any Effect of Electricity on 
the wude of the Globe but the inſide of the . 
B 4 Globe 
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Globe appears vminous, and: this Fire is 
pricing ceiv'd t FED Aeon Wanne — this Ex- 


e after men 
* 558 8 


IZtt eb: 1 9 
NY the” Action. 5 oh e — allo. 

* $62. cat $1 hag inſidg, wh e N "2; 
ms to overthrow what we, 

Ws or Fog ian of dhe Armobere of Glaſs, 
in Vac [6 is 15 GO it ſnou d 
mate no th 5 Ap 70 ie. \Qa, the-contrar! 
ry it ſeems to 88 ſame way as th he Fire, and 


to move urs > 15 ins 5 705 the leaſt R Reſiſt⸗- 


ance; and tha 1 Action of E- 

| e A 1 — — Air. 
1 means of 1 1 70 hreads. are moved by ſthe 
pſp ſphere ; bo we cafter ſhew:*; and the 


6 File, which frealy Prngrrates all Bodies, — 
| 1 them viclentt by meaus of the Ait ot Va- 


1 5 Mying alids Conjectures, the? they, ba 
N man) Experiments ſor their Foundation, 
: 1 us return co other Things relating to Fire, 
zs ſeßeral Experiments are to be made in Vacue: 
we mult deſcribe the Pals in Pace Machine congriv'd 
to Ive. ttrition, 

567 lata II. Fig. Wo u AirPanp de- 
407 {arib'd before * the Braſs N the 5 

on whieh the GlalsR $ e fet ; on each 
_ fide CY the 85 there is a net Pillar, AD, 


ch Pillars land on the Board: that car». 


ries by Air Pump Plate having their Baſe upon 
ir, and à part below. the Bale, and going thte 
, the Board with an Hole in it, tao receive wa, 


+ **crols \ Pieces, of Wood-or Wedges that make them 
78 the ad . 


faſt during the Experiment, but ſo 
Fils way * taken away afterw 
Gabe 


92. — FO 


eceiver in which the 5 eriments | 


2 be made, is about 9 Inches highs _ 10 


500100 4 by „ 


actly to fit a 
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in Diameter, with a Cover? that has anne d to + 44 


it a Box or Collar full of oil'd Leathers througn 
which à Braſs Axis paſſes; and leaſt in the 
whirling round of the Axis the lower end ſhou'd: 
move, part of the Box is made ſquare, ſo as ex- 
ſquare Hole in the Horizontal 
Board EE that preſſes on the Cover, and is 
made faſt by bringing down the Nuts or Screws 
BR at each ene A bearing” . che 
Shoulders of the Pillars. 

Towards the upper Part of the Pillars there is 
a-narrawer horizontal Board F H preſs d don 


alſa aod faſtenꝰd with ! Nuts, which has fix d to 
id on the under ſide 4 piece of Brafs g. with an 
urge the upper end of the above men- 


ion A Axis to turn in, whilſt the biggeſt part of 
chis Axis being in the middle of the Giafs, has 
an outſide Screw, upon it, with the two Wing 
Nuts d, d, moveable upon it, in order to faſten 
ſeveral Bodies upon the Axis. 
The lower End of the Axis turns in the Hole 
e. — Spring f is join d to the Piece : 
which ſcrews it down to the Air-Pump Plate at 
the Hole where the Air is drawn out; but there 
muſt always be made a ſmall Hole or Paſſage in 
the Piece c, for the Air to be drawn 'out at. 

Haring exhauſted the Receiver, the Axis 

above · mention d (by reaſon of the oil'd Leathers 
in the Collar F) may be turn d round without ad- 
mitting any Air; but to give ir a quick Motion 


there is a little Braſs Wheel 7 of about 2 Inches 


Diameter, with Foints in its Groove, that the | 
Rope that turns it round may not ſlip? © - 
The great Wheel R, of about 3 Foot Diz- 
meter with its Frame, is brought up clofe to the 
Air-Pump, and made faſt to its Foot by a Screw. 


The Rope that goes about the leſſer Wheel , 


is 1 down over Pullies obliqueiy — ' 


F 
— 
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in the upper part of the Pillars C, C, and be- | 
ing over them, comes down to the great Wheel 
which it gos round; ſo that by turning the 
vertical Wheel R, the 'Braſs Axis above deſcri- 
bed, is carried round very ſwiftly, whereby a 
Motion ———— to Bodies in Vaxuo for 
an , d 3 2251 oY Tat. mA * | KGN 


568 e 8. ] Take 2 Glass Globe of r 1. | 
ches Diameter, or of two Inches and a half Dia- 
meter, with an Hole on each ſide, where it may 
alſo have cylindric Necks. The Axis above-men-" 
tion'd-mult go thro thoſe Holes, i in order to give 
the Globe a whirling Motion; pieces of Cork 
muſt be put on each ſide of the Globe to covet 
its Holes, and made faſt with the Nuts d, d, in 
the manner that they appear in the Figure, to 

hold faſt together the Plates or little Wheels 
thro which the Axis goes. 

This Globe, thus fix d, will be ſwiftly mov 4 
in Vacua with its Axis, by turning the Wheel R : 
To cauſe Attrition, a piece of Woollen Cloth 
muſt be tied on to each fide of the Braſs Spring 
J, J, which by its nn preſſes che N age 
hard on each fide. .- 

Making the Experiment i in the dark, — Globe: 
will appear luminous; and if the Motion be con- 
tinued till the Globe grows hot by the Attrition, 
the Ligbt will indeed be increaſed, but will 
appear fix d. in the Places where the Attrition 
is made. 72211 & 24 19/7 

569 It follows from that epd that the Fin 

5 contain d in Glaſs does not want Air to make it vi 
fable, for it grows hot, and ſhines when _ the 
ming: ow external Air are _—_ out. 
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570 Experiment 9. 35 Tate 9 — of Wood | 
of 2, or 2 2 Inches Diameter, and about Ic 2 i 
| nc 
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Inch thick, and let it have ſeveral Hollows cut 


in its Edge, that it may be encompaſs d round 


with Beads of Plaiſter, which may be made faſt 
to it with Threads going thro them. Let this 
piece of Wood thus prepar d be made faſt upon 
the Axis above - mention d, in the ſame manner 
as the little Globe had been faſten d; then give 
Attrition in Vacuo, as in that Experiment, ow 
Light, will be thereby produced EDS dark. 


1 
Experiment 10:]'That Quickſilver contains Fire 
is plain, from Experiments made upon it, in Va- 


cuo. For if Mercury well clean d be ſhak'd about 


in an exhauſted Glaſs, it will appear luminous. 
If you put Mercury into a Glaſs _—_ the 

Globe, may be whirl'd round, as in the former 

Experiments, which will be deli htful. to 

if the Glaſs be mov'd ſlowly. e has 

no Tin mix'd with, it, it may be clean'd with 


boiling-hor Vinegar. 


The Globe that has the Mercury in it may 


be exhauſted by ſcrewing on to it à Pipe about 


2 Foot long, the lower end of which muſt: be 


ſcrew'd on to the Hole in the middle of the 
Plate of the Air-Pump. | 


Then if you cover both that Hole and the 
Hole thro? which the Air is drawn'out with one 
of the Receivers above-mention'd, the Air will 


be egfi,y drawn out of the Globe. 
Plate I. Fig. 41 Tale a Plate O, od hav- 


ing ſcrew'd on to it the Pipe E 1 whoſe 


other end is ſcrew'd. to the Air- Pump, put 
the Glaſs Receiver R upon it, and pump out 
the Air from it. The Pipe thro' which the 
Air is drawn out muſt ſtand up beyond the Plate 
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in the Receiver about 4 or 5 Inches, be Ee 1 


* have a ** Hole in it; which muſt be 1 
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th albern Ebnat: Book Il. 
— ler fear any: Morcury chou d get in- 
5 9 nd It ih ae. 
The middie of thit Plate has a bras Pipe B; 
whoſe lower end that is without an Hole comes 
don almoſt to the bottom of the Veſſel V. 
that: cogtains very clean Mercury: There is 
an Hole in the ſide of the Pipe exaRtly ſhut by 
the Pin A. The end of this Pipe has 
very ſmal Hole in and comes up thro? 
Plate into the Receiver. 

„ The Heigbe 'of ehe Receiver R is abont 16 
Iuaches, and its Diametet᷑ 4 Inches ; pump the Air 
out of: ie and then open the Hole in the ſide of 
the Pipe B. —.— Mercury by the Preſſure of 

*-2 the axteriial- Air wil the Tube, and will 
___ Þpoatvery? pers. <li 120 the Receiver, "Hiking 
agaiuſt the top d 
©: The — 9 — wut de mne ie "dark 
Place, And the Aereury will: appear luminous. 


411 Ease . Chymiſts ute l certaln Br 
| of Urine, which they call Phe 

Drink which muſt be kept in Water. Hf it i be 

3 into mall eylindrical Pieces like a Pen- 

mit — you write with it upon à Paper, when 

700 1d the Paper in's dark Place, you will ſee 

Letters" of __ The Phoſphorus itſelf, ' when 

you take it out of the Water, will prow hot 

and ſmoke ; alf Which ſhe ws that the Phoſphorots | 
contains a great deal of Fire, 

$56 Isg this eriment We may \ obſerws Ale | 

ee l e contain d in the Phoſphorus; for 

r in, ſo that it eannot get qut ſo long a8 


phorus is cover d with Water: hut as 
ſoon a8 the Water is taken away, che Heat atid 
Smoke immedittely ſhew that the Fire iſſues 
577 out of the Phoſphorus) He Air iſo dber in ſome 
* in the Fire comum ' in tor „ 
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equal and alike, and put an equal quantity of 


boiling Water into each of them. Let one of - 


them be ſet apon the Air- Pump Plate under 2 
Receiver, ——— Air; IA 
pumping, the Water viotentiy by the 

of the Fire that goes out of it; nd then foon 


becomes only jukewartd, whitft the Water in the 


other Veſſel 2 ich in the open Alt bus 
ſcarce loſt any of its Har d Anne 
One may abſerve-faatctbite dikeithis in thi 


ning: Mood, for ſome Wood char ig rotted in 


the Ground ſhines, when it id taken out; the 
_ that encotmpaſi d the Woo kept! in the 
- which goes out when that is mod, and 
—— ſor ſomm Days. I 
Receiver the — 2 de- 


— wary : 
8 and is not reſtor d by h ” Re-admitfion 


I un Kue 1281 21 00 950 b 04; 

But it cannot ba caſiiy —— how Fire 
is.confin'd i in a Body:by-the ambient |Boilies, not 
is it eaſy to find out wa Action produces this 


Effect; it is hardly probable that Preſſure is here 


much concern d, ſtace Fire does eaſily etrate 
tar inge i 4 $1344 ö. 4 | 
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Light are to be attributed to the different Mo- 
tions of Fire. Heat in a hot Body is the Agitation 
of the Parts of the Body and the Fire contain d in it, 
by which Agitation 2 ' Motion is produc'&in dur 
Bodies, which excites the Idea of Heat in our 
Mind. Heat in. reſpelt of us is nothing but that Idea; 
and in the hot | Body is nothing but Motion. Here 
we muſt call to mind what has been faid-of the 
Senſations. in general Js 502) which: alſo un 


be referr d to Light. 2 1 91 


. When Fire centers our 2 as Ri ht Lines, by 
the Motion that it communicates to the Fibres in the 
bottom of the Eye, it excites the Idea of Light; of 
which Motion of the Fibres we ſhall ſpeak more 


* 716 particularly; hereafter *. A refilinear Mbtion is 


582 


— rov'd,- becauſe the Rays chit come direct- 


EY >? 


Bodies that do not ſhine — | 
| * . ue Hear, 


the Motion of Light, as it appears from its be- 
ing eaſily 1e by an Obſtacle, On the con- 
trary, ſuch a Motion is not vguir d in Heat ; and 
that an irregular | Motion ii more proper fer in may 


ram the! San to the Top of a Mountain, 
— — no ſenſible Heat; whilſt in the Valley, 
where the Rays are agitated with an irregular 
Motion by-ſereralReflexions, eve is often pro- 
duc'd a wh; here Tags 200 ban 07 z 972 
n ei 5) = Ken 1254 


age ono BUY ©:1195009 d2urn 
wo": Body ; is ; ſaid v. be lucid, when ir emits Light, 


that is, when it gives Fire a Motion in right. 


+ £4 


Lind. . 
That there jr not Aua Lale where there is 
Fire, is beyond all doubt; for we ally ſee hor 


Bur whether. there. 10 


e 


cannot be determin'd. _ at in all Bodies is 
ny. be infinitely dimiviſh'd; ; and 


we cannot diſcoyer 


„„ ˖ r oo BE ad a ___ 2 


4 8 tho it be not 1 


2 my, r e 
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any thing of Heat; for certainly there ate a 
great many lucid Bodies in which we can per- 
ceive no ſenſible Heat.“ Concerning which it * 571 
may be obſerv d, that no Heat is ſenſible to us, 
unleſs the Body that acts upon our Organs of 
Senſe has a greater Degree of Heat than that ß 
our Organs. Which ſhews us that the - Judg= 


* 


* 
rere. 2 


ment of our Senſes _— Hear is wholly 
When the ſmalleſt parts of which any Body 


is made up are agitated, either by Attrition, or 
the Action of Fire applied externally to it, or 
any other way; the Fire is ſeparated from the 
mall: Particles and agitated in the Body; then 


alſa the Fire and the Particles of the Body act 


upon one another by their. Attraction, as is 
provid by the Experiments which we ſhall here- 
after:mention..* By this Action ſome Parts are 611 
ſeparated from the Body, and carried off from 
it by the Motion of the Fire. And this is the 
cauſe why hard Bodies are often ſet on Fire by a 586 
wollen Attritio 0 mnt 3 


Hence we deduce; that the burning of Bodies 


is 4 Separation of their Parts by the mutual Action 

of the Fire, and thoſe Parts on each other; ſome of 

thoſe Parts, carried off by the Motion of the Fire, make 587 
and Smoke. "es pag te 1d 6; ee 


plication of new Fire, and the Augmentation the 


Agitation of the Fire which the itſelf con · 


tainsg and therefore that the Hear ir nr in propor 588 
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vhether it be ſucceſſive or inſtantaneous, is di- 
ſputed 3 that is, whether at the ſame Momenr 
that a Body begins to ſhine, the Light is ſenſi- 
ble at any Diſtance, or whether the Light goes 

on ſucceſſively to Places more and more diſtant. 
589 It ſeems clearly to follow from ſeveral Aſtrono- 
mic Ohſervations, that that Motion is ſucteſſivo, 
and Philoſophers did not long doubt of it; but 
by ſome later Obſervations, the Concluſions 
drawn from the former, ate weaken d, and we 
are obliged to confeſs that the Motion of Nn 

| has ſomething unknown aus. 
To ſay that a Motion from one Place to — 
8 — is nut ſucceſſive, implies a Contradiction, 
590 and it can ſcarce-be ere Jrome 
oye Place to another. : Do tig 
We obſerve alſo de Ks hs is iel bbb üg 
Vapouts and Smake; in which Lon Fire: car- 
ries with it the Bodies to which it adheres; and 
yet is oſten mov d very. ſwifd a If the Subtility 
of Fire be capſider d, it in eafily he found 
that it is immenſly retarded by the Bodies to 
which it adherꝭs; and that as ſoon as it is ſrred | 
_ from them, it is mov d with a. very great Ve- 
MM locity „ nö Wes de ng W bur. 220 A N * 
= +87 'v There ate ſeveral other Things very well 
| | | worth obſerving in reſpe& to Light and Heat, 
* bot a great man; of them are hard to explain. 

| 


\ In Natural Philoſophy, when we are ignbrant 
ö \ ==? Gabica, we. muſt oy mention the K 
| | oY ern 'in! 5 9114 9711 1-1 "13 A A 
| 591 We * nebel Boer that become lutid if 
| chi Hens: l enerbai d; ſuch are Metals: They 
Eo _ emit Fire hy the Agitation of their Parts, but 
| 52: if che Motion of xhe Parts be cncreaſcd, part of 
| | the Fire is mov'd i in right Dey: = the ny 
_ ing : 5 2h 17.4 lo no. 5612 07 5 


982 * = 14 2 91 
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Thus if Smoke be made hotter by applying 

Flame to it, it is chang'd into Fiame ; that 4 

it becomes a lucid Body. eel 


Experiment 1. Plate II. Fig. 3.) Having blown 
out the Candle C, which ſends out the Smoke 
F ; let another lighted Candle A be brought to 
it, and the Smoke of the firſt wilt be chang'd 
into Flame, and that ſucceſſively quite to the 
Candle C, which is thus lighted by the Candle 
A, tho it be ot & Inches from it. wy 
We have ſaid that Air acts upon Fire *; one of 577 
its Effects upon it, that in many Caſes is not to 
be overlook d, ſhews itſelf in reſpe& of Light. 
For the Preſence of the Air is often neceſſary for the 593 
Produblios of Light ar. Preſervation of Fire, which 
may be obſerv'd in the burning of all thoſe Bo- 7 
= that go out when the Air is taken away from | 
conf ve A 


ne ret r L424 3 C41 2 FRUITY - 
: Experiment 2.] Put a lighted; Candle under 
the.Receiver of the Air-Pump; exhauſt the Re- 
ceiver, and the Candle will immediately go out. 


- Blate II. Fig. 2. Experiment 3] Take a round 
Nate of Steel of about 3 Inches Diameter, with 

an Hole in the middle to receive the Axis which , 

is to be mov'd in /acuo;*, and let ix be preſs'd 557 
and fix'd between two round Pieces of Wood 

by help of the Screws d, d; let Pieces of Flint 

be faſten d to the Spring /, % ſo that by the 
Motion of the Axis the ſteel Plate may rub. 
nimbly againſt the Flints. As long as there is 
any Air in the Receiver the Attrition will pro- 
duee Sparks of Fire; but when the Air is drawn 

out, tho you continue the: Attrition, you can 
perceive no Light; but upon re- admitting the 
Air, it becomts again ſenſibteee.. 
VOI. II. 7 We 


a 


594 
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We obſerve alſo on the contrary that very often 


the Alſence of Air is neceſſary for Light, as might be 


©557 obſerv'd in the Experiments already mention'd * 
71 And laſtly, That raking away the Air, the ſame 
595 Light which may be ow. in the ne Air, is lome- 


* 


575 f 


Sinnes encreaſed. 


E: xperiment 4. With the Phoſphorus * above- 
mention'd write or draw Figures upon Paper, 


and they will ſhine in the dark, as we ſaid be- 


fore ; but the Paper n become much brighter 


. in Facts. 


N oe. 


— n 


ee 
-Of the Dilation occaſh ond by Heat. A 


LL Bodies are dilated by che Action of 

Fire * ; but that Dilatation changes as the 

Heat changes; ſo that it ſeems to depend rather 

upon the Motion than the Quantity of the Fire; for 

Bodies are expanded as well by rub ing as by 
applying Fire ro them externally. 2 


Experiment x. Plate III. Fig. 1:] Take a ſquare 
Iron Bar about 3 Foot long and + of an Inch 
. thick, and having laid it upon a Board between 


two firm Obſtacles or Standards O, O, be- 


tween one of the Obſtacles and one End of the 
Bar thruſt in an Iron Ruler about 4 or 5 Inches 
— (made Wedge - Faſhion, being 4 of an Inch 
broader at R than at r, and divided into equal 
Parts) as far as it will go; and obſerve- the 
Diviſion that is againſt the End of the Bat, 
which muſt be a little oblique, that it may the 
better apply itfelf to the Ruler. 
Then let the Bar be heated, either by Attri- 
tion or Fire ; 2 let it again be ps c 
PN . c 


* 
G A aac acc ac C 5 


—— — 
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6 the Standards, and the Ruler thruſt in between: 
: As the Ruler will not go in ſo far as the Divi- 
. viſion that was obſerv d before, it is plain that 
o the Bar is lengthen d by Heat. 1 | 
Experiment 2. Plate II. Fig. 4] That ' Liquids 
as well as Solids are dilated by Heat may be'prov'd 
e in the following manner. Take a Glaſs Ball G 597 
r, that has a ſmall Tube ED for its Neck, and 
e fill it with ſome Liquor up to what Height you 
er pleaſe in the Tube; and the Liquor will aſcend 
in the Tube when you heat the Ball; a ſmall 


Degree of Heat will produce this Effect, even 

tho you uſe Mercury, the denſeſt of all Fluids. 
The Experiment will be made in the ſame man- 

ner, but better, if inſtead of a Ball you uſe an 

8 hollow Cylinder C with the long Tube BA 

of joyn'd to ĩt; for the whole Liquor will be ſooner 

the heated in a Cylinder than in a Ball. g 

ther If the Tube E D or BA be divided into equal 

for Parts; or the Tube with its Ball or Cylinder 

by be fitted to a Frame on which equal Diviſions $99 
Py are mark d, the Heat may in ſome ſort be meas 
| ſured by this Machine: For the Liquor riſes or 
uare ſubſides in the Tube as the Heat of the neigh- 
Inch bouring Bodies is encreas'd or diminiſh'd.- Such 
een Inſtruments are eall'd Thermometers, and are of 
common Uſe. They do indeed ſhew a Change 599 
in the Hear, but it is ancertain whether they 
cles ſhew the Degree of Heat; that is, it is not 
Inch W known what Relation there is between the 
qual Change of Expanſion and the Change of Heat, 

- the ſo as to enable us to compare together the De- 


; If the Ball G or Cylinder C be ſuddenly heated, 
Attri- WW the Liquor in the Tube will immediately deſcend, 
ween but immediately after riſe. By reaſon of the ſud- \ - 
the Vo I. II. C 2 den 
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den Heat the Glaſs itſelf grow bot ſoonar 


Liquor gontain'd Jn it; and therefore when te | 


Glaſs is. dilared by the Heat, the Cavity grow 
bigger, ſo that the Liquor deſcends; but che 
Hear being preſently communicated hes it, it ri- 


ſes again by its Expanſion. | 


31 


602 


603 


« 604 


605 


From the Expanſiom of Bodies BY ee 


, that; the Particles of which Bodies xonfift,' from the 
Action of the Fire, acquire a repellent Forcegby which 


they endeavour to fly from each ther, aud which 
acts contrary to that Force by which the Parti- 
cles come to each other. As long as this laſt 
Force is ſtronger than the other, the Particles 
cohere more or leſs, according ta the different 
Degree of Heat. 3 repellent Force is 
almoſt equal to the — „ the Particles 
which were before firmly join d, ſcarcely cohere, 
yield to any Impreſſion, and are eaſily moy'd. 
one amongſt another; hence we ſee that a Sv 
lid Body it chang into a Liquid by Heat, which 
may be obſerv'd in all Bodies that are liquified 


by Heat, and return to their firſt State upon the 


Diminution of the Heat. It is a Queſtion, 
Mhether all Fluidity is not owing to Heat? which 
cannot he determin d, becauſe we know: of no Bo- 
dy that. 1s entirely without Fire in it; it is cer- 
tain that Heat is not only the Cauſe of Fluidity 


in Metals, Wax, and ſuch like Bodies, but that 


ſeveral Bodies, which are 3 teckon d 
Fluid, are only ſo by reaſon of their Heat; thus 
Water is melted Ke ; for when part of the Hear of 
the Water is gone, it gtows fix d. c 

Heat may be ſo encreas d, that ry os Bo- 


dies the attracting Force is overcome by the re- 
pelling Force; in which Caſe the Particles fly 
from each other; that is, acquire an elaſtic 


Force, ſuch as the particles of Air have * „Which 
Elaſticity is encreaſed even in the Air by * 
g 3 He 
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We may obſerve this Effect in Smoke and err 


21 


K Plate III. E- 2. Tt au hel- 
eg 2.2. | 


all E, of about 4 Inches Diameter, 

Wich an: Handle M ; this Ball has a Pipe T with 
an Hole of hardly the twentieth part of an Inch. 

Let this Ball be heated, and the Air in it will 
expand itſelf “ and come out thro' the Pipe; 
then immerging the Ball in Cold Water, the Air 
will de again condens'd by the cold, and the 
Water will go into the Ball by the Preſſure of 
5 the Atmoſphere upon its 

If chis Ball rhus partly fill'd with Water be 
laid upon the Fire, the Moment that the Water 
is chang' d into Vapours, thoſe Vapours will go 


to mike the Water boil 'vidently, the Vapouts 
compreſs d in the upper part of the Ball; will,. by 
their Elaſticity, endeavour to recede from each 
other every way, and ruſh violently out of the 


a Pipe. | Such an Inſtrument i is call'd'an us, 606 


597 


our thro T; but if the Heat be encreas'd ſo as 


Eper = The following E zperimbät 607 


—— « more fcnſible Enes of the Elaticiry of 


apours. 
| Plate III. Fig: 3. the the Bell E which üs 
alſo of 4 Inches- er, made of Braſs ur 
AN but thicker than the former, and let 
it be plac'd upon à little: light Cart, ſuch 
— is repreſented. in the rt; 8. In its up- 
per Part it has à ſquuxe In the middle 
of this Pipe 17 18 4 ls, and the hind 
Part of the Pipe ahicates with the Ball. 
There is an Hole 


middle of the — which Pipe 


is open forwards. T his Role i is ſhut up with a 
= ave that goes 8 two Holes in the 


3 


Acne of an Inch, in the 


0 _ *Marbematical Elrments Book Il. 


| Sides of the Pipe, and applies itſelf to the above- 
mention d Separation. As the Plate is made 
Wedge - wiſe, if you ſtrike upon it with a Ham- 
mer, it will exactly ſnut the HoleeQ. 
Take this Ball 15 of the Cart, and. open the 
Hole, and having heated the Ball, immerge it 
in Water, to let it be in part fill'd, as in the laſt 
Experiment. Then having ſhut. the Hole, ſet 
the Ball again upon the Fire till the Water boils 
violently ; and then if you make it faſt-to the 
Cart, and open the Hale, the Vapour will fly 
out violently one way, and the Cart be car- 
608 ried with the Ball the contrary way 
The Vapour being very ſtrongly ramarels's, 
- endeavoyrs to recede equally every way, and 
therefore oppoſite Preſſures deſtroy one another; 
but when the Hole is open d, the Vapour which 
goes out does not preſs; therefore the Preſſure 
one way being taken off, that which acts in a 
contrary Direction prevails, and the Cart js | 
609 mov d along 
r Rocket riſes up into the 4 becauſe 
the Gun · powder being ſet on Fire, acquires an 
Elaſticity, and its Parts endeavour to re- 
cede every way: As the Pipe or Caſe ab it is 
open at one End, it is leſs preſs'd that way, 
and conſequently. at the other end the ae 
N and catries up: the e F 1% 
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Concerning the 1 Refraction 
and Reflexion of 4. 


2 * 
* 


C H A P. V. 
Concerning che Inflexion of the Rays of Light. 


2 AVIN G premis'd in the forego- 
ing Part what regards Fire in gene- 

ral; let us again farther examine the 
A Properties of Light and the Phæ- 
R nomena xo m them. 


The Thiugs obſerv d Anne Light are 
very wonderful, yet moſt of them are explain d 
a few Laws of Nature. 

Light, moves in right Lines *, can be inter- 581 
cepted by an Obſtacle which wholly ſtops ſo 
much Light as comes upon it, but ſtops no 


© more. 


3 1 
ie Light confider'd according to the Direfion - 610 
u Motion, if it be all carried in the ſame DRE 
i call d, a Ray of Light. 


Wis Such 


24 
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Such is a Beam of the Sun's Light going thro 


an Hole. 5 
HFite, as has been ſaid, is We by Bo- 


549 dies; the notable Effects 6f which Attraction 


"as 


may be obſerv'd in the burning of Bodies; they 
are alſo ſenſible in Light ; for when Light paſſes 
near Bodies, it is turn d out of the freight way; which 
may be diſti 

petiment. 


Experim.1. plate lll Fig. 4. Take a little Board 
T about 6 Inches long and as high, with an Hol- 
ow et in its Surface, in which two Plates of Steel 


ſlide, each of which has an Edge like a Knife: the 
two Edges may be brought to ogether i in the mid- 
d together exact 


dle of the Board, and be join 
by. At the Place where they meet there is a 
ſquare Hole in the Board of almoſt an Inch, 
that 2a Beam of Light let ipto®' dark Room 
thro an Hole of a quarter of an Inch in Diame- 


ter, may paſs thto the ſaid [quare Hole, fo.88 


to come to the Plates. 
If che Diſtance between the (aid 


Rage be wi 


- about the roth part of an Inch, aud the Lit 


be made ta-paſs between them, the Board being 


ſet at the Diſtance of 3 Foot from the Window, 


if the Light falls upon the Paper A, at 5 Foot 


beyond the Board;:there will 7 — _—_— we 
like that | 


of the tranſmitted Beam a Lig 


22 Tail of; a Comet z; which proves that the Light 


018 


1 inſſeted as it paſſes by the Ed ag — 
Rates as is plain from the Figure. oi 


If you bring the Plates nearer, (as ſos B. 
ample) within the hundredth : of an Inch, 


> ham of the Light-above-merition'd, you will, 
each (fide of the Light of che) Beaen upon the 
aper, ſee three colout d gs 


22 


wy perceiv 'd by the following mak | 


\ Edges | 


7 
i 


5 


5 mo 
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will, 
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fucceſſively, :till:theiPlares beinggoin'd to — 
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Edges of the Plates; which will ſtill appear Hoes 


diſtin, if the Hole in the Window be made 


leſs. I ſhall hercatter explain whence theſe Co- 
louts: ariſe. - Now it is enough to deduce from 


25 


this Experiment, that Light is attracted by Bodies | 


that infle& its Rays; for if there was not a Mo- 


tiom towards the ody, the whole Beam 1 7 20 
have continu'd in its direct Motion. 


But the Actiůon of Bodies, by which-they off apen 
the Light to attract it, exerts itſelf at a ſenſible Di- 


| — as is pla, from the Experiment. 


eee 24 Plate HL. Rx ] Ev thing 
elle ing as in the former a if the 


Plates be brought nearer together within +; 


partiof an Inch, no Light will appear upon the 


Paper between the Fringes above. mention d; fo 
that in this Caſe alt the Light which paſſes be- 
teen the Edges is inſſected on either fide, fo as 
to produce the Fringes above- mention d. Which 
plainly ſhews that Steel acts upon Light at Yeaſt 
at the Diſtance of 1. part of an Inch. 


pra ene aol 


eg. "Plere III. 
ſtill in: the ſame r + 


between the 'Plates; and the Fringes will vaniſh 


| Things being 


no Light paſſes berween | them. The 
which vaniſh firſt are thoſe that —— 


by the Rays which are leaſt inffecteu; and thoſe 
vaniſh laſt which'are produc d by the Rays that 


are moſt inſtected 5 that is, when the Edges come 


towards one another, the Shadow between the 


Fringes made by each Edge is contiually en- 


ereus d, till at laſt the whole — At on —_ 


fide vaniſhes. Whence it -plainly: follo 


It is alſo proved, that "I PI i N er 


the Diſtance 


upon 612 
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the Rays are more infected the nearer they paſs 
the Edges; that is, the Attraction is N 


2 he Diſtance is diminiſn d. 


But this Attraction has ae particular, 
for the Attraftion of one Edge is increaſed, as the other 
ht neur it. Which is plainly ſeen in this 


Experiment; for as the Edges are brought to- 


wards one another, the InfleQion of the Rays © con- 


* 


Oe 
1 
2 
— * 


HA f. VI Wa 


Concerning the 8 of 10 nd its | 


: A 
A (LL ths ie l 6 Light, is cada 


1m, 
Glaſs, Water, and atem irfelf are Mediums, 


When a Ray of Light goes out of one Medi- 
um into another, it is often aum d out of the 


rn t Line. a 
igh 1 II. 


This Infle&ion i is call*d Refraftion, 

In order to produce Refs ation, the Mediumis muſt be 
2. different Denffries, and the Ray muſt make an oblique 
Angle with the Surface that ſeparates the Mediums. 

 Refrattion ariſes from this, that the Rays are more 
attrafted by a denſe then by a rare Medium; from 
hich Attraction, that we have prov*d in the 
oing Chapter, all that relates to Würm 


* 4" . 


TT 


may be deduc d. 


Let E F be the Separation of the Mediums 4 
and let X be in the denſer, and Z in the rarer 
Medium. All the Particles have an attractive 
Force, and this Force alſo obtains in 
Let the N at which:the Particles exert 
their Action, be that which is -comprehended 
3 the Lines E F. and & H. Ader 
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the Light which comes between thoſe Lines, will 
be attracted by the Medium K&K. 
At the diſtance of the Line G H, only the ex- 
treme Parts of the Medium & act upon the Light; 
at a leſs Diſtance both they and other Parts act 
ſo as to encreaſe the attracting Force, when the 
Diſtance is diminiſh'd, as has been before ob- 
ſetwd F. In the. denſer Medium X, let the Line - 613. 
IL be ſuppoſed at the ſame diſtance from E F 
as G H is in the Medium Z. Let the Light enter 
into the Medium X, and it will on all ſides be 
attracted by the Particles of the Medium whoſe 
Diſtances from the Light are leſs than the 
Diſtance between E F and G H; for the Light 
is ſuppos d to be attracted at that Diſtance by 
the Particles of the Medium K. 
As long as the Light is between the Lines 
E Fand I L, the atttacting Force is the ſtrongeſt 
towards I L, becauſe there are more Particles 
that draw that Way; but as the Number of Par- 
ticles that act the contrary way encreaſes, that 
is, as the Diſtance from E F encreaſes, the Force 
towards I L is diminiſhed, till in the very Line 
I L the Light be equally attracted every way; 
which alſo obtains evere where in the Medium X 
bed LL, --- 7 ATE ET, SD 
Suppoſe a Ray of Light to come in the Line 
Aa, and fall obliquely on the Surface which di- 
vides the Mediums, or rather on the Surface 
G H, where the Action begins, by which the 
Light is driven towards the Medium X ; when 
the Ray comes to a it is turn'd out of the right © 
Line by the Force by which it is attra&ed by the 
Medium X; that is, by which it is driven to- 
wards it in a Direction perpendicular to its Sur- 
Face. And indeed the Ray of Light is bent out 
of the right Line in every Point, as long as it is 
between the Lines G H and IL, * 
wale 
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which the id. Attraction acts; and therefore be- 
' tween thoſe Lines it deſeribes the Curve a 6, in 
*208.the.. ns: mater that Ptojectiles move. Be- 
. the Pine I L the Action which bends the 

* 


coaſes ; therefore it goes on then in à right 
Line according to e the Carve in 
the Point , 


e Dilzace between the Line G Hand: 11. 
therefore when we conſider Re- 

Py we take ho hotice of the bended Parr 
, which we look upon as if it was 


GR ſtrait Lines A C, CB, meeting 
n ame which | divides the 


ate 


; is A mm” Y 143 
620 "M nov Cee Rap neal le . 


227 — T 


ee e 1. 3288 
— AC -N e ke Ange 


4 


* E . * 
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e Collie Tia Refrafted "bg 1 
IN! TION. VI. 


e CM 1 the Angle of. 
In this hs ben Light . of a 8 
8 the Angle of 1 Refrattion is fs th 


THe Lay in hdr $ — * 'd — reg = 
d to,,moye, trait onanthe Lane 
CD. The Ray SB dlocs ala come nearer a che 


: 1 


1 1 Ma " WG Ty: ” wv _ * 


en ee N CM perpendicular « 60 the 


us a A > 


I dncidence by reaſon of the Inflexibn) gf 
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: dicular CM; ad therefors rte e fubtios it 
— pon be made townrds- the: Perpendicular. | 
On the contrary, be Ruy goes o N 4 auser; 
Foto: a raver Medium, it will — om the Perpen- 
Naular, becauſe the denſer Medium avtracts the 
Lay in the ſame manner, 2 it goes out of 
2 rarer into a denſer, or out of a denſer into a 
rarer Medium. Therefore if B C be the Ray of 
Incidence, C A vill be the refracted Ray; that is, 
Let the Ray come from either Side, aui it it will move 626 
in tbe ſame Lines. Therefore, if there be two Rays, 627 
and one comes out of a denſer Medium” into a rarer, 
aud the other out of a aver e and the 
Angle of Refraction of the one be equaÞty the Angle 
Tf Incidence of the other, the two remaining Angles of 
Mncidence and and Refraftion will be. "equa: ro each 
ther. 
 Whence it follows, that The Direflion of the 
ay it not chang'd, if+ it moves thro' a Medium ter- 
” ted by two Surfaces parallehto eachother”; for as 
; T — as it is turn d towards any ſide ar its En- 
rance, fo much exaQlly is it turn d che other way. 
it goes out of the ſaid Medium. | 
If a Ray falls perpendicularly on the Surface that 
harates two Mediums, it ill nut be turn d ou of the 
2 * be the Attraction of the denſer Me- 
dium; K that Caſe it on inthe: Di- | 
tion. of Th + ay- -; - , 
Plate 4. Fig. 2.) To confirm. what we have ae 30 
y Experiments, take a Trough gr onte- ax Þ 5 
b _ a Foot long, 4 Inches wide, and of the 
CG Its two. ſides, h c 4, a hc d, are 
9 Glaſs parallel to each 905755 2nd. this 
by 158 be filſ d with Water two It Inches, and 
f big 
The Experiments muſt be. made i in, +: dark 
ce ; the Light muſt be let in thro t in the 
5 vrable round Plate O, which is fix'd * — 


CEEP 


— 


* 
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LOCALES obo 
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Windo: ſhut, and is eaſily turm d round, that the 


| Lookin 


* Boar 
9 


Slit may be inclin d at Pleaſure: the Slit is 4 In- 
ches lon and x Jach wide. „in! 
The Light that is let in, ſtrikes \ upon che 
laſs 8, and the Slit is ſo inclin d, and 
Speculum diſpoſed, that the Beam that comes 
thro the Slit, may be horizontally reflected by 
the Looking-Glaſs, the Beam being in a vertical 
hay By Ag may go throꝭ a vertical Slit in the 
ſame Dimenſions as that in the. 


>< 6. i oat} is us'd to diminiſh-the 


breadth of the Beam, which is continually encrea- 
ſing by reaſon of the — char ee the 


Sides ol che San. 


ith 1 


. Experideent's.] Thing 8 to diſpord'a as we 
have ſaid in the Deſcription of the Machine; 


let the Beam fall perpendicularly on the Surface 


a he d, and it will paſs perpendicularly thro the 


Water and the upper part of the Trough, and 


not be turn d out of the Way at all, either going 


in or coming out: by which is confirm d what 
has been ſaid + 0 rt 


ede 2 J Now ler the Babe bal — 
on the Surface a b c d, at fg; the upper Part of 
the Beam will continue its Motion ſtrait along hb; 
but the lower Part of it in the Water, will be 


bent towards i, coming towards the 26102. 


cular ; "which confirms ( Ne. 624). 


„Bede 17 Prey" this ha as in . 
on Experiments, the Beam which, at i, goes 
out of Water into Air, is turn'd out of its Way 


fromwards the Perpendicular, and in ſuch man- 


ner as to move in the ſame Direction as the inci- 


dent RY that goes into = Water at g; for it 
| goes 


29 


ern 
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goes on parallel to the Ray f 4 continued: 
which confirms (No. 625, 626, and 628. | 
In what has been ſaid hitherto, we have only 
confider'd the Attraction of the denſer Medium, 
becauſe it over-powers ; but we muſt not over- 
look the Action of the rarer Medium, becauſe it 
diminiſhes the Action of the denſer, which action 
becomes ſo much the leſs on the Rays of Light 
as the Mediums differ leſs in Denfity. Therefore 
there is no Refraftion where the Denfities of Mediums 
ave equal ; and the Refraction is greateſt where the 
- Din ies of Mediums differ moſt. 
he Laws of Refraction are deduc'd frond the 
1 — which the Attraction generates; 
therefore this Acceleration mult be rat 


| Drin IT 10 M VII. | 

Ie Space terminated by the Planes G H and IL 3632 
2 Space of Attraction. 

Plate 4. Fig. 1.] The Attraction ads berween 
the Planes ban by theſe Lines, but no. 
farther a 
The Direction of this Aftion i 15 oerpendiculay to the 633 
Surface that ſeparates the Mediums, and conſequently 
do the Surface I L.; and its Form is unequal at different 
Diſtances from that Surface. But it is equal at* 619, 
equal Diſtances, becauſe both Mediums are ſap- 
ker homogeneous, and alike in all their 

arts 

The Motion of the Ray A C may be W 
1118 two other Motions, according ro the Di- 
regions A O and O'C*, of which the firſt is. 192. 
parallel to the Surface E F, and the ſecond. per- 
pendicular to that Surface: the Celerities of 
which Motions will be reſpectively proportional 
to thoſe Lines A O and OC, whilſt A C denotes | 
the Celerity of the Ray itſelf ®, 7 * 192, 
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De Motion, according to she. Direflion: A O, is not 
chang d by che Atrractian perpendicular uo the, Suu 


IL. & the Motion according 10 O C 45 accelerated. 


635 


. Keeping: the Line A C, that is the Celeriay of 
the Ray, its Inclinatien may be, chang d, where: 
by alſo che Celerity in the Pirectien O C is alſo 
chang LE which Celerity :wholly [vaniſhes if che 
Angle A 4 G be very mall. In which: caſe, if 
after Light has enter d into a denſex Medium, 
its Motion be reſolv d into TWO,, ſo that the 
Direction of the one be perpendicular to the 

face I L, its Celerity muſk be. whally — 
to the Attraction ſo N ment ion d. For as it. 
caters into the Space of Attraction, a Motion is 


generated in that Direction; and as it goes thro! | 


that Space, in which a new Action does every 
where act upon the Eight: in the ſame Direction, 


it is continually. accelerated... Which Accelera- 


* 


aid Attraction might be determi d (as was faid 


tion obtains in every, Paſlage gf Light thro the 
Space of Mtraction; but ir ts Hog! according 


tothe different Celerity with which Light.comes 
| 3 to the Surface which parts the 


9 N 
. e. dun 300 was equable thro? the inhale 
Space of Actraction, the Laws gconceming.,.ahe 


ol the Acceleration of heavy Bodies after N: x39.) 


by help of the rectangular Triangle PR, (Plate 
IV. Fig. 3.)in which the Lines pralle to the-Baſe 


repreſent the Celetities, whilſt Portions df the Area 


of the Triangle repreſent- the Spaces gone thro. 
Nut here we have always the ſame * run 


wes thro' „namely the Breadth of the Space of 


traction, becauſe we on conſider the Motion 
which is perpendicular to the Surface which ſo- 
parates the Mediums; therefore that Space is 


always repreſented by qual Parts of the Area of 


e Let P de repre hy 
art 
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. 
F Part when the Celerity is equal to o. The Light 
t enters the Space of Attraction in the abovemen- 
tion d perpendicular Direction, that is, when an 
f incident Ray makes a very ſmall Angle with the 
F Surface that ſeparates the Mediums; d in that 
d Caſe will denote the Celerity acquir'd” by the 
C Attraction, and with which the Light goes out 
if of the e of Attraction. $91 
„ But it the Light goes perpendicularty into the 
E Space of Attraction with the Celerity that is ex- 
q preſs d by f 7 it will go out of that Space with - 
lt the Celerity hi, ſuppoſing the Areas P dc and 


Hi equal to one another, as appeats from 
what has han ſaid: - The Fremgles Pa „ PF 
P þ i are Similar, and therefore their Areas arg t 
one andether as the Squares of the homologous 
ſides dc; fg, BI; but the Sum of the Area 
Pc, Pf g, is equal to che Area P h i, (by reaſot 
. of che equal Areas Pc and fg 5 Therefore 
alſo the Sum of rhe Squares of the Lines 4c and 
Fg is equal to the Square of the Line 37; whence 
it follows, that with the three Lines abouemen- 
tioned one may form 'a tectangular Triangle; 
Whoſe Hypbthenuſe will be b. | 
Therefore, In a rectangular Triangle, one Side of 636 
which is the Celerity with which Light enters the Space 
of Attrattion perpendicularly, au the other fide the 
Celerity acqum d in going tro that Spice, when the | 
Colority with which the Light enters into it is equal 
to 0; the Hypothenuſe of the Triangle will be the Cels- 
rity with which the Light goes perpendicularly but of the 
Space of Artrattion on the other Side : Which uni- 
verſally obtains; which way ſoever the. At- 
traction is chang'd,” in the Space of Attraction 
according to the different Diſtance of the Planes | 
that terminate that Space. Which to prove, *.. 
Let us ſuppoſe the Space of Attraction to be 
dlvided into two LACTIS | wg equal ot un- 


> Vot. II. . | equal 
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equal, by a Plane parallel to the Surfaces with 
which it is terminated, . Let us ſuppole beſides, 
that the Attraction is not the ſame in thoſe two 


Parts, but yet that it does not vary in one of 
them. Theſe Parts are to be conſidered as two 


different Spaces of Attraction. Let A (Plate IV. 
Fig. 4.) be the Celerity which the Light ac- 


- quires in going thro? the firſt part of the Space, 
when it enters the Space with the Celerity O. 


Let B be the Celerity acquir'd in going thro? the 
ſecond Part of the Space when the ſame Light 
enters that Part with the Celerity O. It is to be 


obſerv'd that this Demonſtration relates to the 


Motion perpendicular to the Surface which ſepa- 
rates the Mediums. | 


Let the Light enter the firſt Part of the Space 


abovemention d with the Celerity O, it will come 
to the ſecond with the Celerity A; if therefore 
a right-appled Triangle be form'd with the Sides 
A and B, the Hypothenuſe E D will expreſs the 


636 Space of Attraction . | | 
If the Light enters the Space of Attraction 

with the Celerity F G, let the rectangular Tri- 
angle H F G be drawn with the Sides E G and 

A; the Hypothenuſe H G will be the Celerity, 

with which the Light goes out of the firſt Part of 

© 636 the Space of Attraction *, and enters into the 
Second; and if you draw the rectangular Tri- 
angle H GI, whoſe Perpendicular is equal to the 
Line B, you will have the Hypothenuſe I G to 


Celetity with which the Light will go out of the 


denote the Celerity with which the Light goes 


oat, and continues its Motion after it has run 
* 636 thro' the whole Space of Attraction. 
. Now we muſt demonſtrate; that the Celerity 
1G, isalſo the Hypothenuſe of the re&angular 
Triangle NM L, whoſe Side M L is equal to the 
Celerity F G, with which the Light enters the 


£409 1 Space 
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pace of Attraction; and whole other Side L N 
equal to the Line E D, which is the Celerity 
t the Light acquires in going thro' the whole 

readth of the Space of Attraction, when it has 
ter d it with the Celerity O; which being alſo 
emonſtrated in that Caſe, in which two diffe- 
nt Forces of Attraction act, it is plain that the 
ropoſition of Nꝰ. 636 is thereby prov'd. 
But it is plain from the Conſideration of the 
ectangular Triangles, that the Lines I G, and 
Mare equal. The Square of the Line N M, 
s equal to the Squares of the Lines N L and 
LM or FG: NL is equal to the Line E D, 
vhoſe Square is equal to the Squares of the Lines 
C and C D, or of the Lines A and B, which 

; equal to F Hand H I: therefore the Square 

: pf the Hypothenuſe N M is equal to the three 

- Squares of the Lines FG, FH, and HI. To 

S ich three Squares, the Square of the Line G 1 

- 

8 


s equal ; as having been prov'd equal to the 
Squares of the Lines H I and H G, which laſt 
os to the Squares of the Lines H F and 


n G Al | 54 £4 

— It the ſpace of Attraction be divided into 

d ver ſo many Spaces * parallel Surfaces, 

7 rhich terminate that Space, and the diſterent 

1 Parts have different Forces of Attraction; the 

e ſame Demonſtration will ſerre; and the number 

if Diviſions may be made any how in influitum 3 - 

e Twhich Caſe obtains in the Refraction which 

o IF Light ſuffers going out of any Medium into ang» 

8 er of different Denſity * ; to which Reæfraction 637 

m therefore he Rule of NS. 636 may benpplied. © 533 
| - Plate IV. Eg. ;.] Let Z be the rarer, and & 

ty the denſer Medium, and let them be ſeparated - 

ar by the Plane E F; let a Ray of Light A C fall 

he ly on the Surface E F; ſet A C denote? 

he [he Celerity of the Light, in che Medium E, in 

ce 03 | FI d : et 


- 
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ler that Line A C be ſettled ; that is, let it be 
abhvays the ſame, whatever the. inclination of the 
Ray is. With the Center C and the Semidiame- 
ter C A draw a Cirele; and let N CM be drawn 
.. perpendicular. ta EF; from A, draur A O per 
pendicular to N C, and A to EF. 
Let us conceive the Motion along AC re- 
ſolv'd into —— the one along A Q, and 
* 192 the other abon AQ at O.C*; the Line Gd 
will denote the y's Calerity perpendicular tothe 
Surface E F, which Ceterity alone is n 
* 634 by the Attraction of the Medium“. 
Let CP be the Celerity which! Light ac ite 
in paſſing ieularly thro the Space o 
the; Medium X; fuppoſing the Cite. 
— au! Light at its entrance to be O, the 
thenuſe OP of the rectaungular Triangle P CO 
weil be the Celerity aß the Ray A C in the 
Medium X; according ta a perpendi ; 
* 637 cylar to the Surface E E; the Celerity of the 
Light in the Direction A G N wallel to 
* 634 the Surface E H is not chang d "Therefore lex 
CV be equal to A O or QC, and VB per- 
pendicular to EH equal to the Hypothenuſe PO, 
and draw C B.; the Motion along QB is com- 
paunded of che Twa, and this Line by its Situ» 
ation determines the Direction, and by its length 
638 the Velocity of the Light in the Medium: *; which 
* 190} Galexiny: is nor ehunig'd y ade different: Inclinaciots of 
the Ny AG. Edt the Square of the Line C B is 
cqual to the Schunte of che bine BV or PO, 
990 Square; af the Line CW or A O; but 
the Squste of the Line BO is equal to - 
Se, of the Lines P C and C O: therefore the 
Shuare.. of the Eine C Bis equal to the three 
rr PC, CO and AO; which 
two laſt, if joyn d, or ON us the Square of the 
Semidiameter AC or CN that is, CB . 


231 
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to PN, whoſe Square is alſo equal t6 the Squares | 
pf the Lines PC and CN, and — a 
goes no change from the different inclination of 
the Ray A C. 0 12 
The Line C:Bujogyi in Tout the Ciicle which 
is deſcrib'd with the Semidiameter © A; from 
the Points B and T, draw BS and T R perpen- 
dicular'to C M by teaſon of the Similar Tri- 
angles CB S, CTR BC will be to T Cor 
A, 26 B̃ 8 to T R; —— by 
reaſon that B C and C A are ſettled, will have 
he ſame Ratio to one another, whatever be the 
Angle of Incidence. T R is the Sine of the 
gle of Refraction T CR, aud B S whith is 
755 to C V, chat is equal to A O, is the Sine 
pt 'the Angle of Inridence A O. 
Therefote in ever inclination of the Leitz Ku), 639 
there is a ſettled and conſtant Ratio between the 
ines of the Aeg es of Intidthie” and Rn.. 
Nou fince'B C and C A; which ate as the 
Sines abovemention'd, do alſo dente the _> 
ities of the Light in the Mediums'X and E, it 
follows thir ene eee, er 
in the Mediums. 


E 83 7TewTi 7178 „ 


m- If the Medium 7 de Ale; had RX Water, Cen 
tu- afdreſaĩd Sines ate as 4 to 3; and the Celerity of 
geh ie Lig tie-in Ade in-16 tek Cttenlty in —_— 
ich to 4. "Bur i Z being Nitl — Ait, X 

of i (WGtafs, the Sines will be 48 1) to vx. Dee Ea. 

8 ĩs beriment determines this for afl Mediums. 


The Ratio between the Sines of any Aagienks 

the inverſe Ririo of the $ecarits' of the Comple- 641 
ments, us it appears in | this Figure, — 
Arcle dtawn with the Semid lameter C Qor 
vr then A C (which is equal to C T) and 05 
vill be the Secants of the Angles A C. — 
c V Complements to the Angles of Inc 

ad Refraction, and 3 as BS which is is 


i equal. 


| 
if 
5 


2 — . — 
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aan O) and T R, which are the Sines 
of Incidence aud Refraction in the ter 
Circle. 15 

And this Proportion of the Secants gives us 2 
Method of caſily reducing to op oe rrng the 
. of N* 6 39. | 


- Experiment. IV. Plat IV. Fig. 6.] In this Ex- 
periment the Light is to be let into the dark 
Chamber thro' a Slit, in the ſame manner as in 
the former Experiments, and by means of 2 
Looking-Glaſs . thro the vertical Slit in 
the Board T7. 

Take a Trough P, nearly of che fame due 28 

that Which was us d in the former Experiments, 

but which hasconly one end of Glaſs, namely the 

FAT. kata Side abe d. And ler it be half fill'd with 
acer. 

The tics Beam of Lis ht — ade to 
fall obliquely. on the Glaſs Fad. of the Trough, 
the Part of it which is above the Water goes di- 

reQy forwards, and at ; falls upon one of the 
long Sides of the Trough; but that Part of the 

Beam which is refracted in the Water, goes along 

* and ſtrikes againſt the ſame Side of the 

rough at i. Whatever the Angle be which the 

am makes with the End or Side a c d, the 

ines f h and gi will always be to each other 

as 3 to 4 ; as is very eaſily ſhewi in ſeveral 

Inclinations, if you have two Scales, each with 

ſmall Diviſions on them; which Diviſions in the 
one muſt be to the Diviſions in the orher, as 

to 4: For the greater Line g in, will always: con 

tain as many of the great Diviſions as the leſſer 

Line Fh will contain of the ſmall ones. The 

Angle, which fh makes with the Plane 4 b c d, 

| is 5 n of 2 den 
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a right Angle, and the Angle made by the Line 
gi with the ſame Plane is the Complement of the 
Angle of Refraction to à right Angle; therefore 
gh and g i are the Secants of the Complements 
of the Angles of Incidence and Refraction, 
which have à conſtant Ratio to one another as 
this Experiment. 8 | : 
We have hitherto confider'd a Ray of Light 642 
going out of a rarer into a denſer Medium, but 
the ſame conſtant Proportion of the Sines men- 
tion'd, Ne 639, holds good alſo in the contrary 
Motion of the Rays; the Angles A CN,MCB 
(Plate IV. Ng. 5.) are not chang'd, whether the 
Incident Ray beACorBC*, In that caſe, if * 626 
B C be the Celerity of the incident Ray, CA 
will be the Celerity of the A Ray; for 


39 


the Motion of the Ray going out of X into Z, 

1 is retarded in the ſame manner by the Attraction. 
to towards the Medium X, as it is accelerated in 
igh, me eoacrary donep op TTSDSTTTTTNS 
di- — 137 r 2 
9 HAP. VII. 1 2 

— Of the Refraction of Light, when Mediums 
the are ſeparate by a plane Surface. vB * 4 
- the : RL Sant | 
other | DeriNITION I. ps 
2 Ays proceeding fromthe ſame Point, as a Center, 643 
w 


and contiuually receding from each other, are 
n the ſaid. 10 be divergent. 


ESE ads Derixir 10 N II. EE 8 8 
"lefſer WM Thoſe diverge more, which make a greater Angle 644 
1 mn fc els Ae Ae 


nce to fl +: D 4 Derr 
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645 The nt ons whit the — 1 
9 . 9550 ik ere 5 ETH 

6 more the Rays.6 5 ofung them at . 
46 41 i hg: each other, the leſs. i tbe radiant Poing 
_ = 647 Aan from them; and fo on the coutr, 2 the Rays 
en 47 de Þ by. Kef 0 5 they rs 
radiant. Point, f go, not really 
pct from ſuch d ther, is, if ths 
Bay ſhou'd be. e or produc; d. back the 


way from whence they c 
it dne Point. In that, © 


en 5 86/9 N 7e 


betten N nd V. e e e, 

648 0 which l pl one 777 f wag concur. 
| if they were continued id to be convergent ; 
649 id "thoſe are more ge — 5 ene 
* een themſelves.” 


Derixiri ON „VI. 


257 Poin of the Coma. 95 romprging 1 is | 
5 4 the F cus. 


auen ny 5 Irre 0 N vn 
651 The Nu 8. - with) converging . Wy 70 

* intercepted turn d out of the wy before there 

,_ e) wou'd have concurr c continued, is 

e imaginary Focus. 4" tha + is Di 
— that Point from which thoſe wed. 
; ays are conceiv'd to flow, - "which do not pro- 
* 647 5 from the radiant Point as rw” 
* 2 he more the s converge, ppo r 
; ene Nom . tt the Jame, the 47 

diſtance from them is the N, whether real or 
ne 2 
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If parallel Rays paſs viit of am Mediuin into an. 633 
other of different Then » they will alſo be parallel it 
Refrattion : Becauſe they are all equally in- 
feced ; for in all this Chapter we ſpeak of 
Mediums ſeparated by a Plane Surface. 
Ter X and Z. be uu Mediums, the Jaſt more rare, 65 4 
And the other more denſe, ſeparared by th> Plane E S, 
( Plate V. Fig. t.) from the Point R let there pro- 
ceed the divergent Rays PC, Ro, R, and enter 
into the denſer Medium: Let one of them be RC, 
rpendicular to the Surface ES; this laſt is 
dot turn'd out of the way“, but continues its 629 
Motion along CG. The Rays Ro, R# are re- 


fracted e which ate con- 

—4 to fall * 3 in the jon N 

nde Theſe. Rays are mov'd in the denſer * 6 
Medium, as if they all proceeded from. the imagi- * 
gary Focus r, whith is farther diſtaur from the S- 
face than R, if the Riys are we too mineh ſcatter d; 
which yer is not to be underſtood Mathemari- 

_ cally; for by 4 Point we underſtand a ſmall _ 
Spare, ſuch as is otherwiſe call'd 4 Phyſical * 


. 
dic demonſtrate this Propoſition, - we muſt 
confider, that the Angle Ro C is the 'Comple- 
ment of the Angle of Incidence to a Right- An- 
gle; and that the Angle 1 C is alſo the Com- 
rent of the Angle of Refraction to a Righe- 
Angle; and therefore that the Lines R o, r o, are 
the Secants of the Complements, of the Angles 
of Incidence and Reftaction, ſuppoſing the Se- 
midiamerer to be oC; between which Secants 
thete is a conſtant Proportion *. In the ſmall * 641 
ivergence Ro and RC, as alſa yo and x C, $39: 
they do not ſenſibly differ, and between RC 
nd - C the Ratio is always conſtant; that is, 
is fixd as well as R, tho' the Inclination - 


Mathematical © "Se Book III. 


© the Ra be chang d: And. therefore Rx is re- 
e ang 1 A, as if it had proceeded 22 155 
F the h. are too much diſpers d, this De- 
„ will not ſerve, and the Place of 
Concoutſe 7 cannot be taken for 2 Point: In 
this Caſe: a little” Circle muſt. be imagin'd there, 
into which all the: Rays. concur, which will be the 
FLreater, the, e the Angle. is that the divergent 
5 A 7 
1 weeding: rom R are not. too A* 

. 2 fall very obliquely on the Surface E 85 


. -, » they, will be refrafled, as if they proceeded from a 


Point not very remote from the Poiut 1 ASI plain 
„5 what has been ſaid. 0 


The Rays, ſuch as. An, Bo,. 6c, which c come 
” from a denſer Medium X into a rarer Z 
cConcur doner than . wou 'd do, if 122 thou'd 


cas Is 1180 e than ws imaginary. one. In 
this 81 the Imaginary Focus is 1, and the 


perimenk. 2 555 
i | Experiment I. Plate v. FR 2, Ke the 8 
G, which is moveable i in the Window-ſhut, and 
has an Hole going thro the middle of it, let a 
cylindric Beam of the Sun come. into the dark 
Room, and be reflected horizontally by the 
Looking-Glaſs S; let it then go thro, the Con- 


ver Lens of Glaſs that is fix'd in the Board or 


Stand T, and the Rays will meet together at R, 
and beyond R will move as if they proceeded 


from that Point; eh anita is the radiant 
Point. 


. Su . _ 3 & + 


A 
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Convex Lenſes of Glaſs are very common ; 
we ſhall hereafter mention their Properties , it * 691 
being needleſs to do it in this Place: Now we 697. 
only want a radiant Point, and it is enough to 
ſnew how-to make it. 

Take a Trough Box P, whoſe Side abcd is of 
Glaſs, and let it be fill'd with Water: The Rays 
which diverge from the Point R become leſs di- 
verging when they go into the Water. 
ben convergent Rays, as HD, Ip, Ly (Plate V. 658 
Hg. 1.) having their imaginary Focus at f, go from 
a rarer Medium Z into a denſer X, they become leſs 
:convergent , and concur in the Focus F, which 624 
is moxe diſtant from the Surface ES *, as appears 652 
N. applying here the Demonſtration given in 
No- 654. r \ 

Rays proceeding from the Point F, and going out 
f a denſer Medium into a rarer, become more diver- 
ging, and move as if they came from 7; which 
Propoſition is the inverſe of the foregoing, and | 
is confirm'd by the ſame Experiment *. * 626 


Experiment 2. Plate V. Fig. 3.] Take the ſame 
Box P as was uſed in the former Experiment; 
but here let in two Beams of the Sun into the 
dark Room through two Holes in the moveable 
| Plate in the Window-ſhut ; let them be both 
reflected horizontally, and tranſmitted through „ 
i ſimilar convex Lenſes ; thereby the Rays of the 8 
4 Beams will become convergent, having their Fo- | 
r 


.cus's at the ſame Diſtance; but if the converg- 
ing Rays are made to run into the Water in the 
Box thro” the Side ab c d, they will be collected 


— —Qñ— —— n — — * 
— w — - —_ . 


5 at a greater Diſtance ; which will plainly appear I 
d by comparing together the Situation of the 


£ Points F in the Air, and / in the Water. 


x 2 SIR | 8885 CHAP. 


emat eat Nee | Book u. 


W2 H A p. VIII. | {Ke 1 


* gene he Re Alen of. Licks, when « s 
nei e the Rn 


Plan Vi, Er oY "ET. X and 2 be Mo- 
7 diums ditzering in Dear 
. ſity, the laſt * rarer, and the firſt the dender;; 
85 1 them be ſeparated — the ſpherical Suriace 
ES, whoſe, Center is C, and whoſe „ 
1s towards the rarer Medium,. 

&60 To begin by cxamining che moſt fimple Caſe; 
255 Let us. Poſe parallel, Rajs ae BO and, Aus; le 
ug out of a garer into a denſer Medium, 
upon a konvex Surface, ſuch as we have IS | 
ſerib d; let one of them be B O, which. hing 
continy'd, goes thro the Center, and falls per · 
Feten upon the Surface ES; and there. 
629 * is not turn d out of the right Line“. All 
2:2 * the Ray which are not tc diane from that Ray 
come nearer to it by the Refraction of the den- | 

Jer Medium, and are collkddad into one; Point F: 
A for Example; Let An be 2 Ray which is 
reſtacted along n F; thro the Point » draw. to 
the Center, 'C the Semidiameter Cx, and; let it 
be continu d to p; as this Line is perpendicular 
to the Surface which ſeparates the Mediums, 
the Angle of Incidence is A np; which is equal 
to the Angle „CO; the Angle of Refraction 18 
CF. l the Arc. 10 be à very ſmail one, 
-theſe Angles are as their Sines, whoſe Retio-is is 
enge et *. Therefore theſe Angles 3 C0 and 
F are increas'd; and diminifh'd' in the ſame 
-Ratio, as alſo: their Difference, which is the Au- 
_ gle n FO, which conſequently follows'the-Pro- 
portion of the Arc O, which is the meaſure 


of the Angle „CO; as long as the Arc #»O 
AHI _ {F * + *- * £64088 
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does not exceed 25 Degrees, the Angle FO 
is increaſed and diminiſh ed ſendbiy in che ſame 


Ratio as thy faid Are; and therefore all the 


N 0 
. \ 2 4 1 : F 

4 * 2 | * 
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Rays between An and BO, do by their Re- 


fraction meet ſenſibly in the Boint F. 


Experiment 1. Plate VI. Fig. 2.] Let a cylinx 
dric Beam of the Sun, of an Inch in Diameter, 
made up of an innumerable Quantity of paral- 
lel Rays (which are fo on account of the Sun's 
immenſe Diſtance ) be let into the dark Room, 
as in the firſt Experiment of the foregoing 
Chapter, and be refleted horizontally by the 


Looking-Glaſs 8. Mt 

Fill with Water the Trough P, which is a- 
. 3 Inches high, and as wide, and one Foot 
ong. 


Let it have a Glaſs V made faſt in one 
of its Sides: This Glaſs muſt be à Portion of a 
Sphere, thin, and every where of the ſame Thick- 
neſs, ſuch as the Cryſtal of a Pocket- Watch. 
The Convex part of the Glaſs V muſt be out- 
wards, that the Water next to it in the Trough. 
may put on @ ſpherical Surface. If the Rays 
above-mention'd go into the Frough thro' this 
Glaſs, becauſe the Glaſs is thin, and has its Sur · 
faces parallel, there is no ſenſible change in the 
Motion of the Light by the Refraion of the 
Glaſs, and the Light enters into the Water in 


the fame manner as if there was no Glaſs. Let the 


Trough be ſo diſpos'd, that one of the Rays 
may paſs thro the Center of the ſpherical Sur- 
face, and the others wilt come nearer and near- 
er to it, and at laſt concur with it at k. 
Plate VI. Fg. 3.] Again, let X be the denſer 
Medium, and Z the rarer, and let them be ſepara- 
ted by the ſpherical Surface ES, whoſe Centet is 
at C, and whoſe Convexity is towards the rarer 
Medium: From the radiant Point R let Rays pro- 


ceed, 


* 


66 


2 


= $a 


0 - 
” = > 
— 


46 Mathematical Element: Book III. 


ceed, and enter into the denſer Medium thro the Sur- 
face above mention d; ſo that of thoſe Rays, that 


. which is expreſs'd by RO, being continued, 


may paſs thro' the Center; this Ray is not re- 
fracted as it goes into the Water, and all the 
reſt of the Rays come towards it by the Refra- 
ction, and when they are not too divergent are col- 
lected into one Point as F, in the ſame manner as 
was {aid of parallel Rays; with this difference, 
that the Focus F in that Caſe is more diſtant. 
The ſame Demonſtration will alſo ſerve here as 
relates to parallel Rays, which is built upon 
this Foundation, that the Angle of the Incidence 
increaſes in the ſame Ratio as the Arc = O, 
which does alſo obtain here, when the ſaid Arc 
does not exceed 15 Degrees. Let Ru be a Ray 
of Light, and from the Center C thro' z draw 
Cnp: The Angle Ru p will be the Angle of 
Incidence; let it be divided into two parts by 
the Line 24, parallel to the Line ROC; the 
Part pnꝗ is equal to the Angle » CO, which is 
mea a 0 by the Arc n O, and which therefore 
follows the ſame Proportion as that Arc; and 


vghich alſo the Angle « RO (if it be very ſmall) 


does follow, and is equal to the ſecond part of 


the Angle of Incidence, which alſo does wholly 


increaſe and diminiſh in the ſame Ratio as the 
Arc O; for the Ratio which holds in reſpe& 


af every Part taken ſingly, will alſo hold in re- 


The ſame Demonſtration may be applied 
to any diverging or converging Rays, which 


in any Caſe are refracted in paſſing thro": a 


ſpherical Surface; and which (as appears by 


this Demonſtration ) when they diverge; but lit- 


tle, have their Focus real, or imaginary, or run 


parallel. It is enough to have obſerv'd this in 


general. 


e | | The 
" = 
ww * 1 - 
. 4 * 


1 


% œͤ vv; ů ³·¹ re T-, 0. P ww — m Wa K a = 5 We 9 „ e 


- * , a 
8 = . a 
, 
” 
7 * ** 2 
. 5 - * E 
8 2 . 
3 * 
, — ® . n 1 - 
3 y * L 2 1 
1 7 . . 1 
* «47 —_— he 2 0 * 2 * 
5 A 1 - k 
% * 4 2 " 
4 7 Ix ; — x a 
* * T e . 4 
* 7 1 * wh, 4 . 
2 — . 2 8 
1 x a - 4 b 4 . : - - - * 
= * * 
4 = — * * * 
* — * OY * » « 
. — 7 ö : ; : 
; , Py > 4 3 
; . » * * * 2 * 
8. et ”* F 
s 0 — y 
> 7 5 ng — 14 
3 * * — * * N © 
Ds. # * » 4-7 4 * of * 2 : 
* . * — 7 - * o - + 
— * * - ” . * 
. * K > £ -* N 9 
« 5 — L . 1 8 
ö 9 - , . . 
1 9 — —— ſe * q » 1 
; ED g E : 


174 
1 
: 
1 
44 
- 
* 
* 
. 7 
py 
ce 
* 
1 | 4 
* 
a 
* * 


 ——— 
* my 
on 3 *% 1 * x * * * » i 
1 — 4 by r % « $ —_— 4 ; 
- D 5 E >. = v 4. 4 WR J F 2 24 * 1 
- — — = . 
— * 5» 4 £ . Þ * * . N 9 $ 
9 þ 2 .. * * « — 5 3 ? 
* - by 1 . » -— = 
"ape | —_ — - hs | AE 
, Mz 7 r Ft a. 7 13 
* 4 . * « — % / * % 8 * 7 * 
8 ; ; 
"WM o F E | 2 * * — 2 X« . * 
: g . 5 - 7 x 1 o 4 
y i 1 N ” — 
* je a Ne” * - 
wy am * * « ol 3 > . 5 
. x " 0 - 
y 33 : «+ 7 > Ls - py 4 * * . 
4 o wx * q þ 
; a 27 9 2 — ; 9 * * 
8 þ 1 2 1 
8 By 4 8 Gm % - A K Py * 0 y 
; 4 4 7 . - 
s * . . a Fo n tO ; - | 
* » - Dt nr £ * . * 7 
* — * e »" 4% 2 We . 1 
4 9 = £4 . * 
* * * : . - : — * + * * OY wa.” e 
1 
— * 9 * : * v4 * * 
\ * 2 ” 8 Y © —— 4 Vs . ES = ” a: - 
p * * 9 ” ? K * Tt — » . * - 
of "IS + D " 4 1 3 4 * 24 — * 
\ % * C 2 
* — 1 b « 
4 48 * * - * 
4 . . — — - * « 1 « art ** . 8 * * 
* 
4 
' ? — " 
. 
” 
* 
. 
» Av 


* Y « Ss n e * * * * 44 1 * * 2 5 . by N. 
4 y * 2 * p f I" v + * * + + I ro Y _ hes be 
> 8 : — een 1 r r 1 „ . 14, x * % ‚ ns tie 
* 2 Tha * 1 h 7 - b ; - — q - a 
vs. W-2; * | " _ 25 . ——— CI ROIY " — Rey - . — — — ah e Dre 
is * | * 0 5 N * 1 4 * ä N * 1 * — 1 ann HEY „ 9 4 - % * 2 A. n 2 1 vw - » — 
5 *. * J 1 7 N y 4 : | — 2 . 
* OE A ap i > ? 2.6% 1 . * \ 3 4a 0 6 Lt , . 5 ' 
g 1 38 * * 8 
* * 1 2 * — N : . aS p F * , "7 ” ; N 
"OM * * 2 * ? A 4 „ x 7 F A | : ; , : 
gu * * * 4 * . : = 


Book III. of Natural Philoſophy. 47. 
De Focus F ef the Rays that come from R, goes 66; - 
farther off when R is brought nearer ; and ſo on the 
contrary. For the radiant Point being brought 
nearer, if the Point n remains the ſame, the 
Angle of Incidence is increas d; and as it in- 
creaſes, ſo does alſo the Angle of Refraction 
FnC,' and F interſects RE at a greater Di- 
ſtance. 94 a 18 SN ad : e 


"Experiment 2. Plate VI. Eg. 4.) This Experi- 
ment differs from the foregoing only in this, that 
a Cylindric Beam of the Sun reflected horizon- 
rally, muſt be tranſmitted thro? the Convex Lens 
in the Board T, as was done in the Experiments 
of the foregoing Chapters, to form the radiant 
Point R, from which the Rays going forward 
diverging, are collected in the Water at a great- 
er Diſtance than if they had been parallel. 
As you move the Board T, the Point R alſo 
changes its Place: If this Point is farther off 
from the Surface that ſeparates the Mediums, 
F falls nearer to it: On the contrary, if R be + 
er 557 P00 

De radiant Point may he brought ſo near to the 664 
| Surface above-mention'd, that the Focus will re- 

cede to an infinite Diſtance ; that is, that the re- 
frafted Rays will run parallel. LY” EM | 


Experiment 3. Plate VI. Fig. 5.) Things, be- 
ing diſpos d as in the former Experiment; by _. 
removing the Board T, let R be brought nearer '' 
to the Trough; and it may eaſily be ſo diſpos d, 
as to make the refracted Rays become parallel. 


# i 


* k 


Experiment 4. Plaie VII. Fig. 1.] Now if the 665 
Experiment be repeated, bringing nearer to the © 
Trough the radiant Point R, the refratted Rays 
will become divergent ; but they will diverge leſs than * 
* the 


W 
LH 


48 en Bock 111; 
666 tbe incident Rays. . A Net which out of a 
IE, Tr dimm thra' a cawvex Ml 

Surface, be caxverging 4 directed towards the Cen- 
ter of that Spherical W will ſuffer no Re- 

n But if they be diret led towards, another 

667 Point, linge the 2 are refraced towards the Per- 
* 624.pendicular *, will be ſo infieQecd, that the 

Focus of theſe 9 ing Rays will always be 
between the Center of the Surface which ſepa- 7 
rates the Mediums (to which-all the Porpends f 
| culars are directed) and the Point to which the | 
* / incident Rays tend. That ig, if the imq;iuar) C 

. Focus of the incident Rays be at à leſs Diſtance 
than the Center, the reftacted Rays will be leſs 
converging : But if this imaginary Focus be 4. 
2 eee. e 
verging. e ee 


gage, 5. phi vn. fig my 1 thing 

being the ſame manner as in the former Ex 

periments, it is eaſy 1 we. . 
eriments Board T ma 

ſo düpos d, 84 —— Rays ſhall 3 
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| Diſtance is it." en 
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668 to determine what hap in q contrary 3552 

626. of the Rays * ; that is, t dae in. of the Rays 

| 1 fe denſer, into a e e the convex 

ace remaining taruara rarer Mei. 

Parallel Rays after Refratdion.copcur is 4 From *i 

— Ie Rays that came from a radiant Paint mer al- 

* 661. ſo in a. Point or Fans, and as that Point is 

brought — the Focus goes farther off; and th 

Sy ſo BY reverſe on. the:c ö „ - 

o he radiant Point may be plat'd, e the 

? Foeus ſhall Ay out ta an infinite : z that , 
* 660. is, the Rays wilt become parallel * 8 51 6 i 

val | | 
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died Rays will diverge ; they will diverge leſs than 


; 
a 
* 
3 
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¶ the radiant Point be brought nearer, the reſra- 671 


the incident Rays, if the radiant Point be more di- 
ſtant from the Surface than the Center * 669 


But if che radiant Point be between the Surface 672 


and the Center, the refrafted Rays will be more di- 
m_ 3 orb eps 
the Rays are convergent, they become more con- 
wergent in every Caſe, which follows from the Re- 
fraction being made fromwards the Perpendicu- 
lar *, and which may alſo be deduc'd from No.“ 6:3 
565. 5 n „ „ TEES, WNT OE 
Plate VII. Fig. 3.] Let us again ſuppoſe the Rays 674 
to £0 out of the rarer Medium . into the denſer X. 

and that the Hollow or Concave of the ſpherical. 


* 667 
673 


Surface E &, which ſeparates the Medium, js towards 


the rarer Medium, It the Rays be parallel, as BO, 

An, BO which goes thro' the Center C of the 
Surface ES, will not be refracted; but Az is 
refracted towards the Perpendicular Cy tho 
1G and being continued towards 4 interſects 624 
BCO at , Which is alſo true in reſpe& of the 
Rays BO and Au Az thoſe Rays therefore be- * 664 
come divergent, having their imaginary Focus F 

in che rarer Medium. | ; 


Experiment 6. Plate VII. Fig. 4.) This Experi- ; 
ment differs from the firſt; of this Chapter, only 
in this, that the Glaſs V has its Concavity to- 
wards the Air, the Trough P being in all othet 
Reſpects the ſame; in this Caſe the Rays of the 
cylindric Beam diverge in the Water. 1 
V Rays come, from d radiant Point in CB, which 675 

VII. g. 3.) the Angle of In- 


10 
is diminiſh'd, and therefore alſo 


tidence An | o 

the Angle of Refraction G up grows leſs; that 

Is, the refratted Rays my, more reiging, and the 
OL „ 


. IL SEW - 
= 5 
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* e Focus comes nearer to C z till by 
tte radiant Point coming nearer, at length it co- 
I (ineides with the imaginary Focus at C; for in 
* Gig: that Caſe the Rays undergo no-RefruRtion 3 
676) It che tadiant Point comes nearer between C 
and O, che ĩimaginary Focus is farther from O 
than the radiant Point, for it is always between 
„ chat Point and C, by reaſon of the Angles of 
* Refraction aan leſs than thoſe of Incidence *. 


2 eng as arths former 
2 3 you 2 Board, with the 
> Convex Lens in it, to forms a radiant point, the 
l proving theſe Propoſitions may be 
eeaſih IN 
555 * G Wert Point of Con- 
Kt, re in the denſer Mediums, near the Surface which 
| Separates the Medium, the refratted Rays will alſo 
converge, but leſs than the incident Rays. © 
678 If the imaginary Focus of the incident Rays 
rxrecedes more and more from O, that is, if they 
converge leſs, the refrafied Rays will alſo converge 
* i; b by the receding * the 2 Nau, the 
Kays "Rr 


S554 


| TEN et: Plate VII. | Fg 30 Here the 
| Bow mult be ſo plac'd in reſpe& of the Trough, 
that the Rays may enter the Water cotiverging ; 
and the Phznomena above- mention q may 
ſeen, according as you remove the {aid Board. 
6 Rays which from a denſer go into a rarer Me- 
Co ho concave Surface bei ae "ag baft, are 
-; ſubject to the Nite e 
© Parallel Ru by Nefraction ps FRO . 
one ö « radiant Paint, they bee 
| be” tes __ 's I OA 5 _ 
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Aud they diverge flill more and tort, as the 


radiant Point is brought menrer *, 678 
Convergeng Rays which tend to the Center of the 68 3 
Spherical Surface, undergo no Change *. * 629, 


if they converge more or leſs, the imaginary Focus gg 4 
of the incident Rays is always between the Center of | 
| the Surface which ſeparates the Mediums and the Fo- 685 

e of the refratted Rays *, which may recede in in- 674, 
finitum, ſo as to make the reftafted Rays become 676. 
parallel *, am £ | | 4 674 

We have hitherto conſider'd ſuch Rays as ate 
but little inclin'd to the Surface which ſeparates 
the Mediums; for we have mention'd ſuch in- 
eident Rays as diverge bur little, and one of 

which is perpendicular to the Surface that ſe- 
parates the Mediums. The ſame Propoſitions hold 684 
good in obliqut Rays, yet in that Caſe all the Rays 
are infleted, which does not happen ſo in direct 
ones; for the Ray which is perpendicular to 
the Surface is not infected: Obtique Rays 
alſo undergo a greater Refraction, that is, 
they are more inflefted either to or from each other; 
— direct ones, ſuppoſing the Circumſtances 
the ſame. | 
Plate VIII. Eg. 1.) Let E be à tarer, and X a 
denſer Medium, ES the Surface ſeparating, the 
Mediums, and having its Center at C; arid th 
R_w_ Rays An; BM will come together at F. 
he Rays that proceed from the tadiant Point 
| R will concur at 7. 1 5 
© Plate VIII. Big; 2.] If the Surface be turn d 
as to have its Concavity towards the rarer 
Medium, the parallel Rays An and Bn will 
have their imaginary Foci at f; but its Di- 
ſtanee ſtom the Surface ES, as alſo that of the 
ab ove-mention'd Foci F and f in the Figures: 
is'lefs, than if the Rays were direct. 


Vo. ll. R 2 Al 
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688 All the Points of a lucid Body are radiant Points, 


and have each their particular Focus, which ſetves 


to explain the following Experiment, made to 


© confirm whar has been ſaid ofthe oblique Rays. 


Experim.g. Plate VIII. Fig.3.] Take the Trough 
P mention'd in the firſt Experiment, and fill it 
with Water; let the Glaſs V be all cover'd, but 
a Circular part in the middle of about half an 
Inch; have in the Trough a moveable white 
Plane T. If the Candle A be ſet at the Di- 
ſtance of 3 or 4 Foot from the Trough, let 
the Plane T be mov'd backward and forward in 
the Water, and when it is come to the Diſtance 
of the Foci of the Flame A, that Flame will 
appear exactly repreſented on that Plane; all 
the Foci forming à Picture. And this holds 
good whether the Rays from the Candle fall ob- 
liquely or directly upon the Glaſs V, only that 
when the Rays are oblique ( the Diſtance of the 
Candle A remaining the ſame) the Diſtance of the 
Plane T from V muſt be leſs. In this caſe alſo 
the Candle and the Glaſs V will not be in the 
ſame right Line as the Repreſentation. of it, as 
it happens when the Rays are direct, by which 
the Propoſition of N®. 686. is confirm'd. 
689 The Candle is repreſented inverted, becauſe the 
Rays, which proceed from different Points, in- 
terſect one another as they go thro V, as may 
be plainly ſeen by looking at the firſt Figure. For 
which reaſon; if there are two Candles, as A 
and B, the Repreſentation of the laſt will be at , 
and mar of the firſt at a. 1 
5 All the Changes that happen in Light, which we 
| 5 have taken Notice of 15 this Chapter, are ſo 
much the more ſenſible, as the Surface ſeparating the 
Mediums is more curve; that is, a Part of a leſſer 


Sphere. 


A A © am oa - 
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CAP. N. ä 
| Concerning the Mor ion of Light through' a 
more denſe Medium. Where we ſhall” 
tate Notice of the Properties of Lenſes, 


| HE Uſe of Glaſſes is common, they are more 691 
A denſe than Air, and the Rays out of Air 

1 paſs thro the Glaſs into Air again. According 

| to the ſeveral Surfaces that terminate the Glaſs, 

1 Light undergoes different Changes as 'it moves . 
in it; which to determine, the Glaſſes, or 
any Mediums encompaſs'd with a rarer Me- 
dium, and terminated with different Surfaces 

-| muſt be examin d. If we confider only plane and 

| ſpherical Surfates, there are fix Sorts. | 

. The Medium may be plane or flat on 
both Sides. 2. Plane on the one Side and con- 
vex on the other. 3. Convex on both Sides. 

4. Plane on one Side and coneave on the other. 
5. Concave on both Sides. 6. Zafth, It may be 
| terminated with a concavy Surface on one Side, 
and a Convex one on the other. 


% Dis ir ron . en 

If Glaſs be made uſe of, and is not very 692 7. 
thick, Glaſſes whoſe Figure is mention'd in the | 
laſt five Caſes, are-call'd Lenſes of Glaſs, * © 

In the ſecond and third Cafe; a Lens is ſaid 
to be convex ; and if we diſtinguiſh: thoſe two 
Caſes, in the ſecond it is call'd plano-convex. 
And ſo in the fourth Caſe, it is ſaid to be plano- 
concave ; tho": both this Caſe, and the fifth, is 
| generally :referr'd to concave Lenſes. But a 
coxcavo-couvex- Lens is referr'd to the concave 
or convex Lenſes, according as the one or the 
other Surface is r ; and that is ſaid 
Far E 3 4 
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to be predominant which is moſt curve; that 
is, which is a Portion of a leſs Sphere. | 

| 8 DERPINITION II. 

693 In every Lens, or Medium, terminated in any 
manner "above deſcribed, 4 right Line, which is per- 
| N to the two Surfaces, is call'd the Axis, 

Wen both Surfaces are ſpherical, the Axis goes 
. thro? both their Centers; but if ane. of them be 
plane, it falls perpendicularly bon that, and goes 

. thro' the Center of, the other. 

694 In the Paſſage of Light thro! a Mediam, ter- 

minated by two plane Surfaces, the Nirection of 

* 628 the VA is not changed; which : is the e in 


A is hp Propery of ol ſorts of comvex. Lenſes, that 
1 Rays in their Paſſage thro them are — ta- 
uuards ane another; fo much the mere, at the Convexi-. 

696 iy is greater: And of concave ones, that the Rays are 

deflefbed from ang axather, according as the Concavity 

is greater. For the Direction of the Rays thro! 

* 694 a plane Glaſs is not — ;* bur by inflecting 
© one or both Surfaces, another Direction is given 
to the de They are more. ipfleted towards 


_ "the Axis of the Lens hy reaſon of the Convexi 
of the Surface of the _ and a ming te 


2 5 tlace at Ditance — the Axis. 
| — Inflexions, that i is, 

ö 23 the Direction of the Rays, in- 
8. 48 helix Diſtance from the Axis does; 
it is to be abſery 4 in r of the 
8 — 
aer greater in ) 

697 ts 1 5 eee are greater. From which 
el n en of: ba” 0 | 

at 


60 


the Light emerges out of FEE | 
' "The ſame things are obſervable in oblique Rays ; 791 


direct, and the other Changes more ſenfible.* 
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That parallel Rays, by paſſing thro a convex Lens, 698 
m = Focus. 55 | 17 

That diverging Rays either diverge leſs, or run pa- 6 
rallel, or laſtly, converge ; in which caſe the radiant = 
Point receding, the Focus comes nearer, and ſo on the- 
contrary : But this is the Caſe, when the radiant 
Point is farther diſtant from the Lens than the 
Focus of parallel Rays. 

Laſtly, That converging Rays converge more when 700 
the Lens. 
concerning which it is to be noted, that the Diſtances 
of the Foci of the emerging Rays, are leſs than in the F 
697 


All theſe ſame Things may be deduced from 


eexamining the double Refraction in the Entrance 


and Emerſion of Light. And this double Refra- 
ction 1s viſible in every Caſe, by the following 
Experiments; by which the aforeſaid Properties 

of convex Lenſes are confirm'd. | EN: 
Plate VIII, Fig. 4.] Take ſeveral Boxes like P, 703 
with Water in them, and thro' which Light is 
tranſmitted .thro* the Glaſſes V and V, which 

are placed in the- oppoſite Sides of the Box, 

and are | diſtant from one another about one 
Inch. Theſe Glaſſes are thin; in the Box which 
repreſents a convex Lens, on each Side there is 
placed one, like that of the firſt Experiment of - 
the former Chapter, which are ſo diſpoſed as to 
have their Convexities without the Box. When 

a plano-convex Lens is to be repreſented, on one 
Side there is a plane Glaſs. - A concavo-convex 
Lens is repreſented by two ſpherical Glaſſes, that 
are Portions of different Spheres, and the Con- 


 vexity of the Portion of the greater Sphere, muſt 


be turn d towards the Infide of the Box. . 
- Whil& the Light paſſes thro' theſe Boxes, the 
Changes of the Light * to the Eye in 
we $4 ; 4 ' its 


* 


— 


* 


2 „ 


den its Focus.“ 


2 


* 
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its Entrance into, and Emerſion- out of a denſer 
Medium, and by the Aſſiſtance of - theſe, all 


things relating to convex Lenſes, are clearly de- 
monſtrable. 


| Experiment I. 1.9 Ex. gr. Let p be one "of, the 
forementioned Boxes, with the ſpherical Glafles 
V. V, their Convexities being placed outwards ; 
let i it be fill'd with Water; in a dark Room let a 
cylindric Beam of the Sun be horizontally reflect. 
ed from the Looking-Glaſs S; let this Beam enter 
the Box; the parallel Rays of which it is form'd 
will be inflected towards one another, and will 
converge ; at their Emerſion on the other Side, 
they will converge more, and cancus in F. Ex- 
periments may be made of the incident Rays, 
which diverge or converge, by uſing the Board 
with the convex Lens, as in the re of 
che former Chapter. 
Every Point a” a lucid Body, as was ſaid be 
fore, is a radiant Point,“ and being placed at a 
due Diſtance from a convex 1 1 5 22 ons > has 


4{ 


"Mapa: 2: ow Lingo 2 lighted Candie" "Bi re- 
5 from a convex Lens beyond the Focus of 
WT Rays; at the oppoſite Part of the Lens, 
pon a white Plane, by the Foci of the Points 

the Flame, it will be repreſented; and this 

Repteſentation will be inverted, by reaſon of 


te laterſeckion of the Reys in their Paſſage 


203 
"698 


throꝭ the Glaſs. SOT 
Convex Lenſes are lending: Glaſſes, 
28 5 the Sun, which, up- 
on the account of the immenſe Difance of the 
Sun, are eſteem d as parille}: But Rays united 
mn a Focus, (by reaſon that the Fire, that was 


be diſperſed, is 5 gow calleted, _—_ y 
ſon 
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| jou Dite8tions,) do burn vehemently. 


a J. Take a convex Lens of any 
Magnitude, — it be ſo expoſed to the Rays of 
the Jun, that the Axis of the Lens may be in 

DireRion of the Rays; if any combuſtible 
Body be placed in the Focus of the Sun's Rays, 
ic will burn. 


WMben by reaſon of the Magnitude of the Lens 
| the Rays are not. exactly enough colle&ed, be- 
fore they come to the Focus, they muſt be 
tranſmitted thro' another convex Lens that is 
leſs, by which they will be reduced into a ſmaller 
Compaſs, ſo as to burn more violently. 

As for concave Lenſes, and their Properties, 
they may be eaſily deduced. from what has 
been ſaid. 

Parallel Rays become diverging, by paſſng thre a 
concgis Lens. 8 
Diverging Rays diverge the mere · elo 0 

Converging Rays either converge the leſs, or become 

77 or (as it happens 1 
| leſs) g out from the Lens 
All which things happen In oblique as. well 

| as direct Rays, but; mote ſenſibly in the firſt.* 
une IX. Fig; 1.] Boxes to repreſent the Ef- 
fects of concave Lenſes, are made in the ſame 
manner as thoſe that repreſent the Effects of con- 
vex ones.“ The Difference is only in the Poſi- 
tion of the Glaſſes: In the firſt Box the Conca 
vities of the two ſpherical Glaſſes V, V are aut- 
wards. In the ſecond, inſtead of one of thoſe 
Glaſſes, you have a plane: Glaſs. In the ob, 
you have two ſpherical Glaſſes, but Sections of 


Sphere has its Convexity n aan the o- 
geri inwards, . 
& 


different Spheres , the Section of the greater 


i 
fon of the Motion of the Fire, according to va- 


* 694 8 
794 
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687 
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Experiment Ry Parallel — of thi San tha | 
' Red horizontally in a dark Chamber by the 
Looking-Glaſs S, muſt be tranſmitted thro' the 
„ . which 3 is full of Water, and repreſents a 
Fw, Lens concave on both Sides: As they go into 
the Box they will begin to diverge, and av they 
go out they will diverge more. 
The remaining Experiments relating to con- 
cave Lenſes are made in the ſame manner, as has 
been ſaid 3 in 0 of convex Lenſes. 


4 5 1 


eee mo 
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Cc H AP. x. . 
af 2 ; where we ſtall ſpeak of _ Mok 
the Bye. 


Tu Properties and Laws of the Refragi- | 
on of Light that we have explain'd, are 
CES ve pgs Uſe i in oipeeſenting eſs to our 
i | | 
- By theſe Laws, the Obje&s are beautifully 
painted i in their proper Colours in the — 
of the Eye; and this Picture, as I ſhall ſay here- 
*716 after* is the Qccafion of the Ideas which are 
excited in our Minds concerning the Thiogs that 
we ſee 
How this picture i is form'd in the Eye, can- 
not be explain'd, without re Digi a new Pro- 


Egner . 


perty of Light; namely, its Divi ity, n 

e omprehenſion. ay | 

DxINITIe n 

709 4 Body that is wot hd, eee the Light 
is ſaid ro be opaque. | 


710 Several:-among ede Deke, nin 
2 polih's ce (except perſecuy black 3 if 
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there are any ſuch) have the Property of dividing 
Light; for they reflect the Light, ſo that the Rays 
every Point being ſtruck back, are divided, 
and recede every way, ſo that all the fingle Points of 
the. Body become as it were radiant Points, from 
which Light goes every way. 
Whence we deduce a Method of painting Ob- 


jects upon a white Plane; for all the Points of 


the enlighten d Body, from which the Rays come 
upon 4 convex Lens, have their Focus on the 
other Side of the Lens.“ The Foci of diſtant 
Objects, tho not exactly, are ſenfibly at the 


ſame Diſtance from the Lens; thoſe Objects 
may by theſe Foci be repreſented in the ſame 


Place; which Repreſentation is inverted, ( by 
reaſon of the Interſection of the Rays as they go 
thro the Glaſs,) and ſenſible in a dark Place, in 
which Light comes in no way but thro* the 
Lens, and only that Light by which the Obje&s 
are repreſented, ' 5 . 

This will do wherever the Lens is placed, and 
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in reſpect of all the Points of Objects, enligmh- 


tend by Rays of Light, from which right Lines 
without Interruption may be drawn to the Lens; 


in this manner the abovemention'd Diviſibility 


in Light may be proved, and the Aptneſs that 
Bodies that refle& Light have to divide it. 


\Experiment 1. Plate IX. Fig. 2.] Make an Hole 
in a dark Place, over-againſt ſeveral Objects that 


are at leaſt 50 Foot off or farther. Let the Hole 


be V, and let it have a convex Lens in it that 
collects parallel Rays at the Diſtance of about 4 
or 5 Feet; if a white Plane be placed behind 


the Lens a little farther from it than that Di- 


ſtance, all the Objects abovemention'd will be 
painted upon it in very beautiful Colours. It is 
to he obſerv d, that the Lens muſt be placed in 


* 111 


a Po- 


„ 
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a Poſition parallel to the Plane; and that 


moving the Lens or the Plane, the Diſtance m 
be found at which the Objects are — 


-moſt exactly. 


This e eſeutation of Objeds has great Af. 
fairy with that by which the Objects that we 
ſee are repreſented in the Bottom of the Eye, as 
will appear from the Make of the Eye. | 

The Figure of the Eye, when taken out of the 
Head, is nearly ſpherical; only the Fore part i is 


6 ſomething more convex than the reſt. 


— Section of the Eye is repreſented Plate IX. 


The Part A A, which is moſt canvex, is tran · 
ſparent, and call 'd the Tanica Coma. 

The whole Covering of the Eye, except the 
Cornea, is call d the Sclerotica, BAA BZ. 

That Part af the Sclerotica which is next to tho 
Cornea, is calb d the Aduata, or White of the Bye. 

Behind the Cornea, on the Inſide is a Coon 
call'd the Uvea, which has in i in ae an Hole 


pp, call'd the Pupil. 


The. Uvea is made. up of concentris! circular | 


| Fibres, interſected at right Angles by ſtrait Fi- 


It che firſt are ſwell d the laſt are relax d, 
wy the Pupil is leſſened or contracted; and 2 


contrary Motion of the Fibres, increaſes or Wi- 


dens it. 

In the middle of cha Eye, hut neater the Fote- 
part, there is a tranſparent ſoft Body CC, like 
a convex Lens, whoſe Hind- part i is moxe convex 
than the Fore- part. It is call'd the Cryſtaline. 
Humour, Its Axis coincides with the Axis of 
the Eye that goes throꝭ the Centers of the Nun ö 


pail and the whole Eye. 


This cryſtalline EO ſuſtain'd by mai 


- Fibres or Threads, which are fix'd to all the 
Tos of i irs Circumference, 150 likewiſe 12 — 
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Book III. of Natura! Philoſophy. 
Inſide of the Eye: They are inflected in the 
F of an Arc, -and every one of them is a 


Muſcle ; they. are call'd the Ligamema Ciliaria, ' 


and two of them are repreſented - by IC, IC. 
They all cohere to one another, and together 
with the Cryſtalline, make a Separation in the 
Eye, and divide it into two Cavities, - one for- 
wards p p, and the other backwards SS, 
The Cavity that is forwards is fill'd with a 
Liquor like Water, call'd the Aqueous Humour. 
The hind Cavity is fill'd with a tranſparent 
Humour, nearly of the ſame Denſity as the A- 
queous Humour, but not ſo fluid, call'd the V- 
treous Humour. | | FO 0047 20 
The hind Surface of the Eye within, is lined 
with a Coat call'd the Choroides, which is again 
cover'd with a thin Membrane call'd the Retina. 
At the back Part of the Bulb of the Eye, a lit- 
tle on one ſide, is the Optic Nerve N N ſo join'd 
to the Eye, that the Eye itſelf is, as it were, an Ex- 
panſion of the Optic Nerve; for the expanded 
Coats of the Nerve form the Choroides and Scle- 
rotica, and the Fibres. which make up the Re- 
tina, concurring, make the Marrow of the Nerve. 
The Eye is moved in the Head by ſeveral 
Muſcles inſerted in the Sclerotica; but we ſhall 
not treat of them here: as we only conſider the 
Eye with reſpe& to the Motion of Light, we 
purpoſely forbear to take notice of any thing 
DRL | | | 4 


Ray. that proceed from any Point, and enter the Eye 


thro the Pupil, go out of a rarer into a denſer Me- 
dium thro! a ſpherical Surface ; and therefore if 
that Point be at a due Diſtance from the Eye, the Rays 
after Refrattion will converge ;* in the ſame man- 
ver as in the Experiment of Ne 663. (Plate VI. 
Hg. 4.) in which the Glaſs V repreſents the 
tranſparent Cornea of the Eye, whilſt the Water 
. | in 


4 


— 
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* 7 — verted Picture of the Objebts.”,. J. 
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© Inch wide, ſo diſpoſed towards enlighten d Ob- 
them thro' the Hole; let the Glaſs V & the 
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the Retina ; and by the Motion of Light the ſmall: F- 


Mathematical Elements Bock Ill. 
in the Trough is inſtead of the aqueous Hu- 


mour; and therefore ſuppoſing only the Cornea and 
the aqueous Humour, there will be in the N N an in- 


243 FTS. 


Experiment 2. Plate IX. Eg af; Let P be the 
Trough abovemention'd full of Water, and ſet in 
a dark Place, which has an Hole about half an 


jects at. a certain Diſtance, that one may ſee 


Trough be — to this Hole, and upon the 
white Plane T you will have an inverted Picture 
of the Objects: By moving the Plane backwards 
and forwards, you will find the Place where the 
Picture is moſt diſtinct, | 
If the abovemention'd picture, whith we have 
imitated in this Experiment, was to be made in 
the Eye, it would be at too great a Diſtance 
from the Cornea, and beyond the Bottom of the 
Eye; and therefore this Diſtance is diminiſh'd 
by help of the Cryſtalline Humour, which is denſer, 
but encompaſs d with rarer Mediums for the 
Rays converging in the aqueous Humour, paſs 
thro the cryſtalline into the vitreous Humour; 
that is, out of a rare Medium thro a denſer, 
( which is terminated by two ſpherical convex 
Surfaces) into a rare Medium again ; by which 
Motion the Rays converge ſtill more ;* and 
therefore they concur ſooner, and the Fire above. 
W falls within the Eye. 
The Objefts which, as we have ee d, are re- 
preſented in the Bottom of the Eye, are painted upon 


S enn Ror mw 3 


bres of which the Retina is made. up, are agitated ; by 
which Agitation, the Ideas of the Objefts Lene. in 
the Eye, are excited in the Mind. The Connexion 
between the * and the — by en 
they 
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to find this Change within the Eye.. 
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they are excited, is unknown to us,* as we ſaid * 502 
before: In determining the Cauſes of Senſations, 
we can go no farther than the Agitation of the 
Nerves. . . ä 
Tbe more exact the Picture above deſcribed is, the 717 
more diſtinti will the Objet#s appear. When the 718 
Rays coming from the ſame Point are not exattly 
united upon the Retina, its Picture is not a Point, 
but a Spot, which is confounded with the Pi- 
Rures of the neighbouring Points; in which caſe 


the Vifion is confuſed. 


But when, according to the different Diſtance of 719 
the radiant Point, its Focus is brought nearer, or 
removed farther off,“ it is neceſſary that there ſhould * 663 
be a Change in the Eye, left the Place in which the 
Picture is exact, ſhould fall ſhort of, or beyond 
the Retina, and ſo the Viſion ſhould be confuſed. 

But it is very difficult to determine what this 


Change is, and Philoſophers are divided in their 


Opinions about it: I ſhalt only obſerve in ge- 
neral, that it is not very probable that the Figure of 720 
the whole Eye ii changed, in order to put back or bring 
forward the Retina; and therefore we muſt expect 
For if the Figure of the Eye was changed, as 
this Change muſt be equally neceſſary in all Ani- - 
mals, the Eyes of all Animals would undergo 
the ſame Changes; for the ſame natural Effects 
cannot have different Canſes. Now in the 
Whale the Sclerotica is too hard to be ſubje& to 
any Alteration of Figure. Beſides, if there was 
ſuch a Change in the whole Eye, it would ariſe 
from the external Preſſure of the Muſcles, which 
would be different_ in different Poſitions of the 
Eye, and only regular in one Situation of it. 
If now we examine the Eye within, it will 


| appear neceſſary that there ſhould be a Change 
in the Cryſtalline; which by changing its Place 
* ; 2 


or 


by 


4 


* 5 


1 : 
* 
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* 2 
Foo, according to the Difference of Pevple's Eyes; and very 


Effect; tor the Rays that fall upon the Retina 
before they are united, will be made to unite 


juſt upon the Retina, if the Cryſtalline becomes 


more convex;* or if (its Figure remaining the 


ſame) it be brought forwards towards the Cor- 


een e, ar 23 hs : 
That the Poſition of the Cryſtalline Humour is 
eaſily changed, and that it is brought nearer to, or 
farther from the Retina, its Axis remaining the 
ſame, is plain, becauſe the ciliary Ligaments are 


muſcular :' When theſe Muſcles are {well'd, and 


become ſhorter, the Hollow which their | Infle-- 


ction makes at C C, becomes leſs; by which 
means the vitreous Humour is compreſs d, aud 


e preſſes upon the Cryſtalline, and 
puſhes it forwards farther from the Retina; 
which is neceſſary when we look at near Ob- 


66g, jects. N A TS 
699 From an Experiment that we ſhall hereaftet 
mention, it has been demonſtrated, that there is 

another Change in the Eye that acts contrary. 


to this; and we ſhall ſhew what is the Occa- 


ſton of it. The ſecond Change is alſo to be re- 


ferr'd. to the Cryſtalline; ;- Which (when it is 
drawn by the ciliary Ligaments, to make it re: 


.cede from the Bottom of the Eye) becomes alſo 


flatter, and therefore it muſt recede farther than 
if its Figure was unchangeable ; that is, the 
Change becomes more ſenſible ; which we ſhall 


730 ſhew:to-be.of Uſe.*. 


Theſe Changes in the Eye have their Limits; 
for which Reaſon alſo Objecii appear only diſtinct 
within certain Limits, which are at different Diſtances 


| often in the ſame Man, both Eyes have not the ſame 


Limits.; which is almoſt of the ſame uſe, as if 
the Limits of both Eyes were more diſtinct * 


FR” | 


A - Mathematical Elenients Bock III. 
or Figure in the Eye, will produce the deſired 
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one another: For one may ſee an Object diſtinct- 
ly enough with only one Eye. In ſome Perſons 
alſo the neareſt Limit of one Eye is farther off 
than the fartheſt of the other: in Which caſe 
near Objetts and diſtant Objects are ſeen di- 
n but the intermediate ones appear con- 

E 4 N 4 4 ' N * x #0 . 
The Pictute in the Bottom of the Eye, as has 526 
been ſaid;* is inverted ; whence a Queſtion a- 714 
riſes, why we ſee Objects erect? To which 
we anſwer by asking another Queſtion 3 Whe- 
ther it is more eaſy to conceive the Connexion 
between an Idea in the Mind and an erect Fi- 
gure than an inverted one? We confeſs, that 
we have no Notion of that Connexion in either 
caſe : but Experience teaches us, that there is 
2 Connexion between an inverted Picture in the 
Eye, and the Idea of an erect Object; and fur- 
ther than this we-do not know. ED ont | 


If we look at the ſame Object with Both Eyes, 51 5 


it will appear ſingle; but this happens only 
when the Object is painted in dorreſpondent 
Points of each Retina; which probably happens 
from the meeting of the Optic Nerves: For it 
is obſerv'd in all Animals, which ſee the ſame - 
Object with both Eyes, that the Optic Nerves 
meet and ſeparate again 1 £0 to the 
Brain; bur in Animals which ſee different Ob- 
jects with each Eye; the Optic Nerves go ſepas - 


= — 


titel y from the Eyes to the Brain. 


Only one Point m a Time can be ſen ann 558 | 


namely, that which is repreſented in the Axis 

the Eye; if we look at one Pbint with both ' 
Eyes; we muſt | ſo direct | the Eyes; that their 
Ares continued ſhall meet in that Point; which © 


bappens when we have bur Eyes inteht upuhn 
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8 e . 1 biet; Whence: it happens, 

ws do it, by Uſe 

11515 o judging * the Diſtanee of 


hs get a 


e by the 1 of tbe Axes ;- which is ſeu- 


2 


tes 


e to us, becauſe it depends upon the Motion 
OE that we feel. Therefore we may: 

of having two Eyes placed. at a cex- 
other; as long. as this 
m/e Proportion to the 
the _ * W e N 
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ne 6 25 
731 1 great Dif 1 We, loge ar known Obs 
. 1 we judge from the een. Suede, and 
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” the ſame Objett be ſaen from diffprenm Blaces, - | 
733 apparent Magnitude of an Ojett, depends up. 

TY on che Bigneſs icture in the Bottom of 
dhe Eye, which. FiQure depends upon: the! Angle 


YT S 171 ſeen, ay pr Angle: 
wh 9 Lines d Etre. 


= - . 2 apparent 943 js da be difinguith'd 
dream that Magnitude which: er Mind auributer'9 
* | * the Ohe hat dug lee, Lt jad laſt is ſounded upon 
= the Jodgment, wh ndation is not ia the 
= .: PPearance along. 1552 body knows, that the 
1 Ap according as it is more 
= ; hence jt —— that according to the 
_: - + greater Diſtance of the Object, if it be known, the 
Tt is apparent Magaicnde of the Vier is * 
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in che'Jadgmenc" char our Mind mates of it, 
which w do without any Attention 5 it. Thete- 
fore the ſame Object at n 17 4 41 


pears of à different Magnitade, if we juckge 
#eronrly-of dhe Diſtanee. 1 das 


We have a remarkable Example of this in re- 735 
ſpect of the San and Moon, "which appear 
greatet When near the Horizon, than at a greater 
Height; tho, as is khown to Aftronothers, the 
Picture of the Sun in the Bottom of the Fye is 
the ſame in both Caſes, and that of the Moon is 
leſs when it appears neat the Horizon; we can- 
not judge of the Diſtance in either Galt, hut it * 7; 
5 — greurer hear the Horizon by reach of © 
rpoſicion- of the Fieſds and 70 of the 
Mah I we fee the Bodies abovemention d 
thro” A Tube, this appatent Diſtänce vaniſhes, 
as alſo the — which is deduced from it. 
From our Chiſdheod upwatds, and fo contin. 
ally, we join the Iden of Diſtance wittr tie Ta- . 
ereaſe of apparent Magnitude, (which is necella- | 
ry for making # true Judgment concerning Mag- 
nitude) whereby the Ideas ate fo cloſely join” 
thar they cannot be ſeparated, hot even x hoſe 
caſes, in which we know that they lead us into 
Errot. Logicians teach us, tow many Ercors | 
are to be attributed to Ideas ſo j 1 d. 


A 


RAR N 
of Pin thro Glaſſes, and bow to corrif 


— 


eme Defeckt of the Ber. 


An Obje& is viſible, becauſe all Werbe 736 
ate as it were radiant Points;“ therefore „13 
a Point appears in that Place from whence diverging 5 dy 
* dare emitted. | 

Vo I. II. F 2 If 
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the wifible Point will. be. in the imaginary,Focus of the 
Rays; for the Rays enter the Eye exactly in the 
ſame manner that Rays would do that came di- 
rectly from that Focus; and to have them unite 
upon the Retina, the ſame Situation of the Cry- 


ſtalline is requiſite; ſo that in reſpect to a Spec- 


tator, it is no matter whether thoſe Rays after 
Refraction, or theſe directly enter the Eye; and 
5719, there will be the ſame Motion in the Eye, when 
730 it fits itſelf for diſtin& Viſionn?k 
738 A Point appears the more enlightened, the greater 
Number of Rays coming from it enter the Eye. 


139” When, Objets are ſeen thro' a plane Glaſs termi 


nated with parallel Surfaces, they appear to be nearer 
than-when ſeen with the naked Eye. Let A (Plate X. 
Fig. 1.) be a viſible Point; the Rays going from 


it and entring the Eye, are between Ab and 


Ab; theſe bei een in the Glaſs VV. 
moye along b c, c, and go out thro c d, c d, 
* 628 Which are parallel to the Lines A b, Al now 
becauſe 5 c, b c are refracted towards the Perpen- 
624 dicular,“ c d, cd fall between b A and 4 A; that 
is, they interſect at a, which is nearer than A; 
therefore the imaginary Focus of the Rays which 
enter the Eye is at a, in which the Point A ap- 
737 pears to be.“ = 4 5 | Mi 80 03 5057 
740 That Point alſo appears to be more enlightened, 
| - abovementioned.” For all 
the Rays between A and A 5, enter the Pupil 
between d and d; but as the Lines Ab, As are 
parallel to the Lines c d, e d, ' and: theſe art be- 
tween thoſe, Ab and Al being continued would 
fall beyond d and 4; therefore if the Glaſs was 
taken away, the Rays which now enter the Pu- 
pil would take up a greater Space, and therefore 
would not all enter the Eye. 
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Plate X. Fig. 2.] The apparent Magnitude of an 741 
Objett is increaſed by the Interpofition of a plane Glaſs; yu 
the Obje& AE is ſeen by the naked Eye under 

the Angle A d E; but if you uſe the Glaſs VV. 
by reaſon of the Refraction thro* "A bcd ͤ and 
Ec d it will be ſeen under the Angle c dc, 
which is greater than the laſt. But yet the Objet# 742 
7s. not greater in Proportion to the increaſed apparent 
Fo gnitude f. for it appears to be at a leis Di- 734 

peas} 25:56 11; 008; F,1%0735 "1190 He; 
The Increafe of apparent Magnitude is ſo much 7 
the greater, as is the Difference of the Angles © 
Ad E and ede; whoſe Difference increaſes as 
the Interſections of the Lines A d with hc and 
Ed with bc come nearer to the Points 6 and 3; 
which obtains. as th Obje is brought nearer to the 
Glaſs ; and therefore it is the 2 of all 
when the Odject touches the Glaſs; which 
ſhews that Objects, even in the Glaſs itſelf, muſt 
Woo r 


appear magnified. 


And in general, the Eye being placed in a rarer 
Medium, tbe Object that i; — Medium 4%; 
pears bigger, and is alſo brought nearer by the Re- 
raction. This is every Day confirmed by Ex- 55g 
perience, vhen we look at Objects in the Wa- 
t 2 Li de” 1 1 77 Nn 
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Let there be a Point A ſeen thro a convex Lens 745 
VV, (Plate X. Fg. 3.) and the Rays Ab, ABE 
at c d, c d will gn out more diverging, as if chey IH 
came from 4 therefore that Point appears to be * 699 
at a greater Diſtance.* 10 It appears [alſo more enligh-'* 737 
tened; for the Rays come nearer to each other 746 
as they go thro? the Glaſs, and are alſo reduced g,, 


" 


into a leſs Space, wherefore a greater Number 
oß them muſt enter the Pupil. x" * Ge > _ 


Increaſed ; | that is, the Object ſeen thro* a convex 


Glaſs is ſeen under 2 greater Angle; which ap- 
wo os pears 


R 4 
( 
\ 


— ͤ—— — — 


K cxeaſed and therefore. the 


716 the Exe diverging,” and that the 


752 If che 
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us from a fight of the Figure : the Object 
A oÞ en With the naked Eye, ere 
2 1 5 — , 
cen ec dc, 18 greater 

(in Fg. 4-) the Rays A L, EG, which are — 
rasen, GANVEREE mars AS. they go out bf. the 
Res F or diverging (as in Fig. g.) they come 
* 699 do che Eye en Tbereione the Object 
| 2 5 gn bed, bath ſtom the Appearance of 
* 745 .it being farther," mw its Magnitude being in- 
Magnitude that we 
attribute to aa Aves. not folrw the fame Pvo- 
e apparent WMageitnde ; for which rea- 
„ ſhallngt/deley; Time in \ Domonſtrations 

749 


70 


But ea bſerve in gentral, 
te en 4 which an Gjetã in ſern vbno” 
nts perk 4146 the Eye: recedes. from the 
v, whilſt tbe Ohieci it nt more unt from the 
2 — in which para Rays are col 
- © lefled : But if the Objett is 1 thecappureny- 
„ Mawes it incnegſadau the Be ler. 
Acer the ſame; — — — 
" Gs and t Focus af: Rays, the Angle 
_ , abgoementioned in dimimiſded an the Objeft is farther 
remapeds the Eye. being placed at-a/ greater Diſtance, 
the ſame Angle is increaſed as the Object is _ 
I's . 4a:which laſt Caſe the Gbjeci may 
ſo far removed: a not to be viible beyon 45 
"ut Glaſs, as will be aid avon.*.' 0+ | 
<Q © Alo in- thoſe Cafes: kick Objeds are vi 
ſible, they do nat axays appear diſtinctiy. 
7 —.— ——— as | 
that the Rah that | proceed from-a Point feud 
inogiary Feu of 
* 737 thoſe Rays, in reſpef of the SpeBator, — _ 
224. in de in F SN 22184 .: 
at be removed beyond che Morus 
of parallel Rays the Rays flowing from a Point 
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of the Object; enter the Eye converging ;* which * 699 


Caſe is impoſfible to the naked Eye: this the 
Viſion is always confuſed, and the Eye diſpoſes 
itſelf fo 48 to have the Viſion the leaſt confuſed 
that may be; from this Diſpofition we judge of 
the Diffante, as we do in every Calc in wich 
we judge df it with only one Eye“, 
But this Diſtance does not always appear to 2 1 
be the ſame; whence may be deduced what is 
ſaid of the Change of the Figure of the Cryſtal- 


line.“ For if, ſuppoſing the Cryſtalline moveable, 722 


its Figure be unchangeable, in every Situation 
of the Object and the Eye, in which the Rays, 
coming converging from a Point, enter the Eye, 
there will be the leaſt Confuſion; if the Cryſtal 
Ine comes back towards the Retina as far 2s may 
be; ſo that in every Caſe there would be the 
ſame Diſpoſition of the Eye, and the ſame judg- 
ment concerning the Diſtance ; which,” as has 
been ſaid, is conttary to Experience: but if it 
becomes flatter as it recedes froth the Retina, 
there will be Changes in the Eye, which agree 
with the © ſeveral Judgments made of the 
8 in different Situations of the Object and 
1 | 

1 in the laft Caſe, in e Pro toning f 754 
Point converge,” the Eye be Jo removed; that the Rays ' 
unite before the tome to the Eye; in all the Points 
in which the Rays concut, there will be radiant . 
Points; which ate the Fort of all the Pin * 
the Object Object, by. which the Object is repreſented 


inverted upon à white Phane';* and which ate 71 


viſible Poles in reſpect of the E e, to which the 
Rays can come'afrer theit Inte 

eaſe the Oel appears inverted, becauſe we dont 
ſee the Object itſelf, but its Repteſentation de- 
hind the Glaſs, which" we have faid oy — 
verted. 22e. f 

bug” -d 724 We 


ection* In that 136 


72 FED} LEN Book IH. 
255 We have ſaid that the Caſe is impoſſible to 
1 naked Eye, in which the Rays coming from 
Point enter the Eye. converging.; and. there- 
foe ſuch Viſion is always contuſed, becauſe the 
Conſtruction of the Eye cannot adapt itſelf to an 
Spalte Caſe: Yet ſometimes, but rarely, even 
nin that Caſe, the Objects are ſeen diſtinctly; 
: which, as it is occaſioned by ſuch a Deſect of 
fr takes away all diſtinct Viſion from 
— Eye, I did not think proper to take 
* of ſuch Exceptions of the general Rule. 
The Faule, of the Eyes of a great many Old Men is, 
_—_ they can ſee none; but diſtant Objects dir 
— Kinetly, thoſe that are near appearing confuſed 
* them; which Defect is carrefied by the. Inter po- 
tion of a convex Une, The — which flow 
— pl Point, which is ngar, concur. beyond the 
Retina aſſing thra a convex 21 they will 
yerge * s as they enter the; Eye, and ſo concur 
er in the Eye; that is, come to the Eye as 
Ai they flow'd from 2. remote Point, ſuch as i 
- ſeen diſtinctiy by an old Man. 
. 2 . Objefts appear 40 be nearer, 


Flas . Big Fray Rays Ab, AB and all 
15 hat are berwerm going. thro” a concave Lens 
. 4 wa more e R the E 2 45 


en E ene Pai to be. 
7320 ee Rave 1 liverge more, 33 
farther aſunger ; therefore. fewer 
= 5 dt the E Eye, bc djmpiſhes the 8 
*738 738 Kae K. ot Point ſeen. 
hoy The apparent Magnizude 
. All, bn , eee the Rays Al, E 5, i 
5 which. me es he. Extremities of 28 bjec 
756 come e Eye s eanve -and ther 2 
the Ile £4: cdc u whi PE way Hou 
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of Natural Philoſophy. 


ond dhe Lens, is leſs than the Angle A d E, 
der Which it is ſeen by the naked Eye; there- 
ore upon account of the Diminution, both of 
the Diſtance and the Angle abovemention'd, the 
Object appears diminiſh d. WIR 

. A concave Lens it of uſe to thoſe who ſee no Objeci 758 
diſtinctih, but ſuch as are near; ſuch ate call'd 
Myopes; thro' this Lens remote Points appear 

) be near, and the Rays which did concurr be- 757 

re they came to the Retina, now enter the Eye 
more diverging and meet upon the Retina. | 
There are Glaſſes that have one Surface plane, 
and the other Side is made of ſeveral plane Sur- 


2 Diamond) thro! theſe the Rays that flow from 
one Point ſuffer. different Refractions; and by 
every Surface are made to enter the Eye in à 
different Direction, as if they came from different 
Points: that is, 'the-ſame Point forms ſeveral 
imaginary. Foci; and therefore appears multi- 


whichas it happens in reſpect of every Pointof the 
Object, thro' ſuch a Lens, which is a Polyhedron 
(or; Mulciplying- Glaſs) the Objeft appears mul- 


_ — 


— — 


e e e 
0 Microſcopes and Teleſcopes. 


IXIE have ſhewn of what uſe Glaſſes.termi- 
VV nated with ſpherical Surfaces are for cor- 
recting the Defects of the Eyes of Old Men and. 
of the Short · ſighted . How they ſerve for diſ- 
covering the ſmalleſt Objects, and bringing the 75 
moſt diſtant (as it were) to the very Eye, is what 
we are now to conſider. e 


We 


faces that make Angles one with another, (like : | 


plied ; for it is {cen in ſeveral imaginary Foci * ;* 732 


— 


7 4 Mathematical Elements Bock III. 

We here faid that convex Glaſſes magnify the 

747 Objettz® which magnifying depends upon tlie 

Retrattion of the 7 a8 cp go thro” 4 convex 
Lens; whence it follows, that it is encreaſed, 

in the ſame Circumſtances; the — be” 

- "creaſed; which Effect may be produc'd; by an 
menring the Convexity of the Lens; wich wy: 
be the more convex as the Surfaces that termi- 

nate it ate Segments of 4 ſeſs Sphere ; LD 
mans a Gab laſſes. 


N | DTI tyron I. / Sia 

760 | Such nll Lenſes 16 pork d Microſcopes. - As 
6 a Microſcope jm e are 4 ly magnifed ; 
wy by Which 3 Thi s, wh hich 22 may in- 
Läble to the naked Eye, ate very N 


ſeen. n E done. wars d | 
$133 1 bd Vw 28 lil [ q b 
| Derix Ir u. eee 
a. | ace feen thro? the 2 thas it % Civthe 
> 25 O Heldt are vifible thro” the en is 


call d the Fiat of the Microſcope. . 


Experiment x: Plate IN." Bly 5 + 1. we 10 0 
the ſmall Object A E thro — Microſcope V, it 

. * 245 will appear magnified at a „ 
747 There are alſo IN. Microſcopes, made 


up of two or three Lehſes ; what Fondgon they ; 
depend upon, wilt be ſaſkciently ſhewn by kxplain- th 
ing one of thoſe which is made up of two Lenſes. E 


Plate XI. Fig. 2.] Take à {mall Lens that is 
very convex; as VV, and let the Object A E be P. 
plac'd at ſuch a Diſtance from it, that all irs 
7e Points ſhall hate their Foci beyond the Lens; 
699 et the Object be brought'ſs near, that the Foci 
egg may be remot d to a e, and you will there 
have the Repreſentation of the Odject, 3 
enlarg 


3 


—_ 


= (Fo OO 9 18 0 
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ook III. of Natural Philoſophy.” 75 
nlarg d, which will be ſenſible if you receive it 
zere upon a white Plane. 71 
Experiment 2. Plate XI. Fig. 1.) The Lens a- 
zovemention d muſt be made fait in the End of 
Tube at V; and the other End of the Tube, 
which is wider, muſt be cover'd with a very thin 
aper CC; the Object A E muſt be ſo plac d, that 
he Foct of the Points of that Object ſhall be juſt 
t the Diſtance of the Paper: if then the Objecł 
de well enlighten'd, = will have its Repreſen- 
ation inverted, viſible thro' the Paper at a e. 
By moving the Object, b will have the true 
Poſition that brings the Repreſentarion'upon the 
hne, 1925228 4. 0944 675 
Plate XI. Rg. 2.) All the Points of the Repre- _ 
entation a e, are radiant Points, and therefore 
fifible “; which being ſeen thro” a large Micro- 736 
cope VV, ſhew the large Reprefentarion a e 75+ 
at ae *; that is, the Rays coming from the Ob- 761 
ect A E, after their Refractions thro both the 
ifes' VV, VV, will enter the Eye, as if they 
METS LS Ce beta, 
re thro fach a compound Microſcope the 76 
ObjeB® appears iger and mach mare magnified | 
than thro” a fingle Microſcope. 


_.- DeziniTion III, and IV. = 
Ir this Microſcope the ſmalleſt Lens, which is next to 764 - 
the See cal dibe Object Glaſs, and the other the 
; | I » ** L $35 59 42 L 191 
This laſt ought not to be too ſmall; for the 
Points of the Repteſentation a ö, tho' they be ra- 
diant Points, do not emit Light every way; 
only the Rays which paſs thra' the Object-Glaſs, 
interſect one another in the ſevetal Points of the 
Repreſentat ion a & ; which Repreſentation there- 
fore will not be viſible, unleſs the Rays that go 
thro the Object · Glaſs do alſo go thro the 3 0 
75 5 ; _ Glals. 


* 


765 


117 


76 
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Glaſs. The, Feld therefore (or the Space that 


the Microſcope can take in) depends upon the 
Magnitude af this Lens. " | 


. The Eye alſo muſt 


* 


be ſo plac'd, that all the 


* 


Rays that come to the Eyc-Glaſs, going thro 


it, ſhall come to the Eye; which is done by 
placing the Eye at d, the, Poim in which all the 


Ray, which come from the Center of the Objefl-Glaſs, 


767 


5 C the compound Microſcope. , 1 


aud paſs thro' the Eye-Glaſs, are collected. 


Gbjects appear bright enough thro' Micro. 
ſcopes, becauſe they are very near the Glaſs; and 
ſo the ſame Number of Rays paſs thro? a ſmall 
Lens, as wou ' d not pals at a greater Diſtance, un- 
leſs thro” a greater Hole: Tet often, where Objects 
are the moſt maguified, they muſt be enlighten'd by Rays 
collected thro” a. convex Lens and thrown upon them. 
The Aſtronomical Teleſcope; much reſembles, 


9 6 ' . 


 *Deer1inirion III. 


 - Inflrunients fired to ſee diſtant: Objects, ape call 4 


Teleſcopes. © 48 Bod) nd mort Srz: 
- That which we now. treat of is call'd the 
Aſtronomical Teleſcope, becauſe it is not ſo fit for 


ſeeing Objects upon Earth; for it repreſents them 


inverted: but Aſtronomers do not much regard 
the Poſition of the Appearance of the Object. 
This Teleſcope conſiſts af two convex Lenſes, 


the one an Object-Glaſs, which is plac'd next 


+ 711 


to the Object, and the other an Eye - Glaſs, plac d 


next to the Eye. By help of the firſt, diſtant 


Objects, are repreſented at a certain Diſtance be- 
hind the Lens , as near Objects are in the com- 
pound Microſcope. If this Repreſentation be 
obſery d thro an Eye-Glaſß, it will appear en- 


larg d and inverted, as we have ſaid concerning 


the Microſcope, 


1 * 1 
* Ir 
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> Iris plain alſo, that in this caſe, as well as in 750 


the Microſcope, the Field depends upon the Breadth 
of the- Eye-Glaſs ; as alſo that the Place bf the Eye 171 
muſt be determined in the ſame manner for the Tele= _ 
ſcope as for the Microſcope* For the Aſtronomic“ 166 
Teleſcope differs from the Compound Microſco 
only in this, that in the Microſcope the Lenſes 
are more convex, and therefore leſs proper for 
looking at diſtant Objects, eſpecially in reſpe& 
of Object-Glaſſes. In the Microſcope, the Ob- 
ject- Glaſs is more convex than the Eye-Glaſs; 
but the contrary obtains in the Teleſcope. _ 
\ Teleſcopes cannot be too long for obſerving 
the Stars: but if they are above 20 Foot long, 
they are of no uſe for ſeeing Objects upon Earth; 
becauſe of the conſtant trembling of the Air, 
which is two ſenſible in Glaſſes that magnify 
nenn... * 
A ſhort Aſtronomic Teleſcope will ſerve to ſee 722 
_— upon Earth, by adding to it two convex Lenſes, 
which are alſo - call'd Eye-Glaſſes; the three 
Eye-Glaſſes are alike, and leſs convex than in 
the Aſtronomic Teleſcope, the Object Glaſs re- 
manning" che ſa ne. | 
Plate XI. Eg. 3.) Take an Object-Glaſs VV, 773 
which repreſents a diſtant Object at e a; then 
take beſides three Eye-Glaſſes D D, DD, D D; 
the firſt muſt be ſo plac d, that the Rays coming 
from the Points of the Repreſentation e a, ſhall 
become parallel when they have paſs'd theLens*;,_ 
in that caſe the Rays which come from the mid- 699 
dle Point of the Object-Glaſs will be collected 
at G; the Second Lens muſt be ſo plac'd, that 
theſe Rays which are collected at G (where they 
interſect one ar other, and move as if they came 
from that Point) may go out parallel after they 
have pᷣaſs'd thro it * ; which being perform'd, 669 
the Rays coming from the Object-Glaſs _ 
£0 \L | an 


78 _ Mathematical Elemems Book III. 
- .. and there interſecting and forming that Point of 
the N of the Object, being tefracted 
tro the firſt Lens, paſs by G parallel to one 
„Another; thro the Second Lens they are refracted 
* 698 in the Direction D e, and collected at e*, ſo asto 
make it the Point of a new Repreſentation, In 
the ſame, manner the Point a of the firſt Repre- 
ſentation correſponds to the Point a of the ſecond 
Repreſentation; which being alſo true concern- 
ing the intermediate Points, there will be found 
an erect Repreſentation of the Object at a e. 
Experimem 3. Plate XI; Eg. 4] Let three little 
Boards D, D, D, with Eye · Claſſes in them, that 
collect parallel Rays at the Diſtance of about 
Inches, be moveable upon 4 Plane between two 
Rulers, in ſuch manner that the three Glaſſes 
may be in the ſame Line as the Hole V, thro 
which alone the Light enters into the Room, and 
in which there is an Object -Glaſe, which is fix d 
7 Tube, in order to exclude all the fide i 
This Object Lens is ſuch as is able, at the 
Diſtance of 3 Feet from V, to repreſent diſtant 
Objects inverted at F.;;” which. Repreſentation 
will be viſible, if you let the Rays fall upon 2 
* -11 White Plane in that Place. Five Inches farther 
from -F, you muſt place the firſt Eye-Glaſs, and 
10 Inches from that, you muſt place the Second ; i 
at f, which is five Inches from-it,-you will have 
dn erect Repreſentation of the ſame: Objects, 
which will alſo be viſible, if -receiv'd upon 2 
white Plane. 15 em J bor 1945-5 4 
Plate XI. Hg. z.] If the Repreſentation a e be 
774 ſeen thro a third Eye Glaſs, ſuppoſing the Eye 
at o, =; Ee: pete Rays a D — E 
are collected, the Object appears magnified, ht 
near, and enels; for. it is ſeen — Angle 
8 
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De D. when. ich — naked — — —.— d appear 
under à very q it wi A near.  - 

becauſe, tho TH — beyond — the 
Pater at which it appears, has no ſenſible Re- 
lian to the AN ofa, very diſtant Objee 1 


1 eee + Plas XL, Fe 40 Sen den 
pg as in the foregoing Experiment; let there 
be a third Eye - Glaſs plac 89 20. Iuches from tha 
han th and 5 — vg — A little Board, 
or. Eye · Stop, with an Hole O; if the Eye be 

plac d at O, the Object, as has been id, will 
appear exe, magnified, and near. Jt the Board 
Obe diſplac'd, that is, be brought nearer or re- 
moy d farther off, the Field of the Teleſcope is 
diminiſh'd ; becauſe there is but one ſituation of 
the Eye, in which all the Rays which paſs thro” 
the Eye-Glaſles can come to the Eye. 

We are to take notice, that — Eye-Glaſſes 
made uſe of here, are not convex enough in 
reſpe& of the Obje&-Glaſs V; but they are beſt 
£7 N the 4 —— 4 4 
the the Pojuts F the O alſo appear more 775 
tant enlgbhten d: for the Rays which coming from any 
tion WY Point to the ſeveral Points of the Object. Glaſs, 
on 2 do interſect one another in a Point of the Repre- 
ther BY ſentation, by reaſon of the ſmall Diſtance of ti the 

and Eye: Glaſs. from that Repreſentation, are but lit- 
nd ; dle diſpers'd before they come to the Eye; ſo that 
ave they all go into it. And therefore the Illumina- 
es, tion given by the Teleſcope, is to that which is 
on 2 given by the naked Eye, as the Surface of the 
by Object-Glaſs, thra' which the Rays paſs, tp the 
Surface of the Pupil. * 33 728 
One may alſo. with two Lenſes nole Teleſcopes, 776 
which Hall ſbe Objefts eredt, enligbien d, and mag- 
niſed. Theſe: muſt be thorter; for if they be 
de one Foot long, they become almoſt 1 
ccauſe 
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becauſe their Field will be ſo ſmall; that is, they 
will take in ſo little of an 'Obje& 
Plate XI. Hg. 5. ] Let VV be an Obje&- 
Glaſs, the inverted Repreſentation of a diſtant 

7 Object will beat ea: the Rays are ſo inter- 
cepted by the concave Lens D D, that ſuch of 
them as come from the Center of the Lens V V, 
are inflected as if they proceeded from the Point 

*no5f*; by the ſame Refraction in the Rays which 

os concutr᷑ d at a, become diverging *; having their 
imaginary Focus at a; which alſo happens in 
reſpe& to all the Points of the Repreſentation 
e 4, and inſtead of it, you have an imaginaty 
Repreſentation which is erect at a e; that is, 
the Rays enter the Eye as if they came from 
dee N Ft 4 a, 107: at 
The Rays, in all reſpe&s, go out diverging 
mo from the Eye-Glaſs ; and therefore the Bye tmp 
be bronght as near as poſſible to the Eye-Glaſs. | 

778 In this Teleſcope, the Field depends upon the Bigneſi 
of the Objef-Glaſs; for the Rays which from a 
Point come obliquely to the Center of this Lens, 

very often do not enter the Eye; whilſt other 
Rays from the ſame Point, which paſs: thro' the 
Lens near its Circumference, do come to the 


Eye. v1 | 


/ of 


2 As 8 — 


eee 
Le 
W-= have ſhewn that Light is reflected from 
x opaque Bodies, and that every Point Nl x 


7to reflects it every way. The Occaſion of this fit 
is | the Inequality of the Surfaces, which are fl 


made up of an innumerable Quantity of ſtall: N 
Planes, which, in all ſenſible Points, are directed ! 
„ | every 


4 


every Way; which will be eaſily conceiv'd, if 
we imagine a Surface cover d with an innume- 
rable Quantity of ſmalf Hemiſpheres. That 
this is true, we deduce from the Reflexion of 
Light from a poliſh'd Suffate.; that is, froth a 
Surface whoſe Inequalities are taken off; which 
in all its Points reſſects the Light only ohe way, 
which holds in à Curve as welt as in plane Sur- 
faces: Nay, from Surfaces that are not at all 
poliſh'd, the Light is moſtly reflected that way, 
that it would be all reflected if they wete po- 
liſh'd, 4s daily Expetſence he ws. 
Pe XII. Fig. 2.] Let AC be a Ray of 
Light coming obliquely upon à plane Surface; 
ler CO be perpendicular to this Surface, and 
the Ray be reflected along CB. 


; 79 Derixirtos 1. | 
The Ray CB, is tall'd the reflected Rey. | 580 
DERTIN IT ION II. | 


\ 


The Angle OCB is call'd the b of Re- 781 


on, | | 
1 reſtecte Ray, together with the incident Ray, 782 
is in the ſame Plane which is perpendicular th the re- 
fetting Plane. 6, | 
for the Action of this Plane, by which the Light 783 
i reflefitd, is directed perpeniiculariy to a Plant, 
which is ſuppoſed like it in all Points. 
De Angle of Reflexion is thual to rhe Angie of 784 


| Exptrimint 1. Plate XII. Hz. 2:] Take a plane 
Looking - glaſs 8, which may be ſer in any Pos 
firion by means of a Ball and Socket join d to 
the Foot that ſuſtains it; thro* a Hole, in the 
Nate of Metal L, that is in tile Window, let in 


Sun Beam of about a quarter of an Inch Diame⸗ 
Von II. G ter 
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ter into the Room; the Glaſs muſt be ſo diſpo- 
ſed that the Beam may come thro” an oblique 
cylindric Cavity (of the ſame bigneſs as the 

Beam) made in a little upright Board T: If 

Fou turn this Board Side for Side, the reflected 

| Ray will go thro the ſame Cavity. This holds 
good, whatever the Inelination,of the. Cavity 
be, as may be demonſtrated by uſing different 
Boards. | es A a DSS be, T5 | 
By which Experiment No. 779; is prov'd, as 
CN Eh; 7 | 
785 Plate XII. Fig. 2.] If the reflefled Ray becomes 
| the incident Ray; that is, if the Light comes 
along the Line B C, it will return in the Line 
CA, that is, the firſt that was the incident Ray 
will become the reflected Ray; as appears from 
the Equality of the Angles BCO, OCA. | 
From this Equality of the Angles of Inci- | 
_ » dence and Reflexion, we farther "deduce, that 
' the Light after it has fall'n upon a Body, recedes 
from it with the ſame Force that it came upon it. Let : 
the Motion along A C be reſolv'd into two Mo- 
* 192 tions along AO and OC *, ſuppoſing A O pa- 
rallel to the reflecting Plane, and O C perpen- 
dicular to it. Let A O be continued; the Mo- 
tion in that Direction is not alter'd-.from the 
Aton of the Plane: Therefore Jet AO and 
| OR be equal; if the Light -recedes from the 
lane with the ſame Force, with which it came 
| upon. it, the Motion ogaſion d by the Repul- 
ſion is repreſented by CO, and in that Caſe 
* 190 the reflected Ray goes thro' B *; that is, the 
* Angle OCB is equal to the Angle O CA, 
which agrees with the Experiment.. 
787 As to the Reflexion of Light it is to be ob- 
ſerv'd,. that Light does not run againſt the ſolid Part 
of Bodies, when it is reflected by them; but that it is 
reſlefled in thoſe Places, where it ,cou'd very foo) 
2 51 2 1 
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paſs. I ſhall prove this by ſeveral Experiments 
by which many other wonderful Properties of 
Reflexion are diſcover d. n 

It is a common Experiment obferv'd by every 788 
Body, that when Light is mov'd through any 
; Medium; as for Example, Glafs, Water or Air, 

7 it does not undergo a ſenſible and regular Refle- 
t xion; but that it is reflected there, where two 

| Mediums of different Denſity are ſeparated; ſo 
3 it is reflected in the Surface of Water or Glaſs. 
Cou'd Light in ſuch Quantity ſtrike againſt 
65 the Particles, juſt where the Mediums are ſepara- 


'S ted, whereas it moves thro both the Mediums for 

ie a great Space without ſtriking againſt any ſuch 

ay Particles ; Are there more of thoſe Particles near 
m the Surface than elſewhere? Light alſo is more a- 789 


bundantly- reflefled in à denſer Medium, when it 
comes againſt the. Surface of a rarer; than when on 
' the contrary moving in a rarer Medium, it ſtrikes : 
againſt rhe Surface of a denſer. '  _ 


Es periment 2. Plate XII. Fig. 3.] In 2 dark 
Place, in which the Light enters thro' an Hole 
in che Fate L; let there be plac'd a triangular 
Priſm of Glaſs AB; let the Light enter the 
Prifm thro one Side; if it comes to the next 
Side, making an Angle of Incidence greater than 
40 Degtees, it is wholly reflected, and does not 
ar all penetrate into the Air; but Light moving 
in Air is never wholly reflected by the Glaſs. 
But if the Reflexion be made by the ſtriking 
of Light againſt the ſolid Parts of Bodies, there 
muſt be more ſuch Parts in Air than in Glaſs; 

. for if Light was reflected from the Glaſs itſelf 
ob- into the Air, the Light would never come ta 
pan El the Separation of the Mediums; that the Light 
it is I can alfo go out of Glaſs in the very Places, 

free. ¶ where it is reflected, is provid by following Ex- 
poſs Vo. II. G 2 periments, 


790. 
the ſolid Parts, ſhou'd all of it (by a li 


791 


film; then the Light, which ſiriking. agairſt 


oy 
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periments. Therefore in the Neighbourhood of 
the Glaſs there muſt be ſo many parts in the 
Air, that there may be no way for the Paſſage 


of the Light, to cauſe it to be wholly reflected 
into the Glaſs; but it is plain that there are no 
ſuch Parts, becauſe Light comes thro' the Air 


in all Directions quite to the Glaſs. Even in 


the ſame place of the Surface which ſeparates 


the Glaſs and Air, the Light which comes from 


one Side is reflected, whilſt that which comes 
from the other Side is tranſmitted. Which clear- 


ly proves that the Light is reflected in the very 
Place where it can go thro. | ge 


Experiment 3. Plate XII. Fig. 3.] Every thing 
being as in the former Experiment, if the Ob- 
liquity of the Light be chang'd, part of it will 


paſs thro into the Air. 


Who wou'd conceive that Light, which paſſes | 


from Glaſs into Air, and does not run Pal 
ttle en- 


creaſing the Obliquity) run * thoſe Parts; 
when in each Medium, as has been already ſaid, 
there are Pores and Paſſages in all Directions. 


Experiment 4. Plate XII. Eg. 3.] Take a Glaſs 
triangular Priſm A B, moveable about its Axis; 
which is made ſo by fixing braſs Plates to its 
Ends, with braſs F fix d to 
them: The Priſm be ſo laid upon the 


Trough P, as that the ſaid Wires may bear up- 


on the Brims of it, which are made a little hol- 
low to receive them, yet ſo as to let them turn, 
that the Priſm may move freely about its Axis: 


Let it he ſo plac'd as to reflect the Light in the 
| fame manner as in the ſecond Experiment. Let 


the Trough be. fill'd with Water up to the 
the 
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the Air, was wholly reflected, now running a- 

gainſt the Water, does partly enter into it, and 

is only reflected in part. | | 
Which Experiment does not at all agree with 

: Reflexion made by a Stroke upon the ſolid 

arts. _ #1) 

In the third Part of this Book we ſhall alſo 

ſhew, that thin Plares which refle& Light, will 

tranſmit it, if they become thicker *. 8894 

The fourth Experiment alſo proves that the 792 

refletling Power is ſo much greater, as the Mediums, 

which are ſeparated by a refletting Surface, differ 

more in Denfity ; for Glaſs and Air differ more in 


Denſity than Glaſs and Water. 3 
In this Experiment we alſo ſee that Reflexior 793 
is made by the ſame Power by which the Rays are re- 
frafted,: which produces different Effefts in differen 
Cireumſtances. © - 20M 12 W . 
A Ray, which goes out of a denſer into a | 
rarer Medium, by the Attraction of the former, 
is made to recede from the Perpendicular * ; if * 625 
the Obliquity of the incident Ray be encreas d, 
the Obliquity of the refrated Ray will alfo en- 
ereaſe, till it comes at laſt rq move in the very 
Surface which parts the Mediums. And this 
obtains, when the Sine of the Angle of Inci- 
dence is to the whole Sine, as the Sine of Inci> 
dence in the denſer Medium, is to the Sine of 
Reſraction in the rarer; for in that Cafe the 
Angle of Refra&ion is a right one. If the Ob- 
liquity of the incident Ray be more encreas d, 
it is plain that the Ray cannot penetrate into 
the rarer Medium: This is the Caſe in which 
the Light is wholly reflected; which Reflexion 
depends upon that Attraction by which the Rays 
are refracted. For when the Ray is mov d thro" 


the Space of Attraction, it is bent towards the 
denſer Medium *; if - be in the denſer Medi- 619 
3 um, 
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um, and ſo bent, that before it ws ne thro 
the whale Space of Attraction angent to 
the Curve be parallel to the wy we that ſepa- 
rates the Mediums, the Curve being continued, 
turns back again ; and therefore the Ray is re- 
flected by the Attraction of the denſer Medium, 
and this Continuation of the Curve is ſimilar 
and equal to the firſt Part, and makes the An» 
| gle ot Reflexion equal to the Angle of Inci- 
ence; becauſe the Light returns thro the ſame 
05 of 125 78 of . pug the — acc 
tractin rce acts upon t ght in corre 
dent n the two Parts of the Curve. "Thus 
a Projectile, in its Aſcent ang Dalcrvs, deſcribes 
. imilac Curves... _. 
Yet. that, al Reflexion does. oe; Abend ben that 
794 Au ion in the Jane. manner, is evident; for in 
that Caſe in 1 th the 1 is made, — | 
E the 72 5 is To 


bs 7 

795 Caſe Refle: 1575 1 e to the 1 ling Power. 
796 pere 1 11 2 without Refrg ion, there it 1s 
* 617, 10 K ut where the Rafraction is greateſt, 
2 there the e 1 15 fa ſtrongeſt *; nach boy 27 
31: not only -W 299 moving in a denſer — 
yu _— FLO —_ the fourth Ex- | 
eat. — the. ame chin is obſerv d, when | 
ght frikes. 2 ainſt the den er Medium: Thus 


1 1255 the L. i F move in Air, the Surface | 
1 15 hr — than that of Wa- | 
4 Diam yet more ſtrongly. 
: if 2 5 18 be immers d in * 


ter; the . refra ng. Power is leſs in the 
tion * thoſe: Bodies wie Water, than * 17 
tho 


thoſe Bodies touch the Air *, Theſe Bodies alſo * 631 
reflect Light lefs ſtrongly in Water than in Air. 
From this Relation of the reflecting and re- 
fltacting Powers we deduce, that Lig is driven 797 
back at a certain Diſtance from the Bodies, in the 
ſame manner that the refracting Power does alſo 
act at ſome Diſtance from the Body : This Pro- 
ofition is confirm'd from what has been demon- 
ſtrated concerning. Reflexion, which does not 
depend upon a Stroke made againſt the ſolid 
Parts of Bodies; and this is fully made out if 
we conſider, that poliſß d Bodies reſtect the Light 798 
regular ( which we obſerve in Looking: glaſſes) 
tho” there be a great many Scratches in their Surfaces 
For as they are poliſh'd with the Powders 'of - 
Emery and Putty, tho* their Parts are very ſmall, 
et they leave very great Scratches on the Sur- 
fot in reſpe& of the Particles of Light; whence - 
in the Surface itſelf the Reflexion muſt needs be 
irregular ; bur if we conceive the Reflexion to 
be made at ſome Diſtance from the Surface, the 
Irregularities are diminiſh'd, and almoſt wholly 
taken off, as is eaſily underſtood by any one that 
conſiders it with Attention. _ 
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Plate XII. Fg. 4] Ia be the Surface 799 
„f / ß Me ar 
Looking-glaſs; A a radiant Point. Let the Plane 

of the Glaſs be continued, and from the Radiant A 

bet a_Pergendicular A C fall upon *;£ this Line be 

2 and Ca 7 made Er t0 CA, a will be 

the imaginary Focus of the reflected Rays that proceed 

fre Let A b be the incident N25 C 7 

flected Ray; which continue beyond the Glaſs; 

| G 4 becauſe 
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737 in thay: Faces Y but the Appearance of that Poine 
800 - 275 N r 
the radiant Point has beforg it. 


the Angles of Incidence and Reſlexion are equal 


. . to one another , their Complements alſo, which 


are the Angles A ©, LN to this is 
equal its oppoſite and vertical ah C; The Trian- 
ies A bC, 46 C, which are rectangular, have the 
ide Ch common, and the Angles Cha, CIA, 
equal; therefore they agree in all reipects, and CA 
and Cg are equal to one another: Which Nemon- 
ſtration may be applied to all the other Rays 
which flow from A, in whatever Plane, perpen- 
dicular to the Glaſs, the be conceiv d to be. 
Therefore wherever the Eye is, if the reflected 
Rays come to it, they Will enter the Eye as if 
they game from a; and the Point A will appear 


Poſition. in reſpett of the Mirror, 


Ws bike applied to all the Points of the Ob- 
"= it will appear, that the Objett will appear le- 
Ben e e e 
the Glaſs, | 


« 4 # 
* a v * 
* a 2 . y 
br AS! 


R 
of Spherical. Mi int. 


Pears ſpherical Surface ay be conſſ- 
der'd, as made of innumerable ſmall 


| Planes ; ; and a Plane which touches the, Sphere 
i any Point, is ag it were a Continuation” of 


ſuch 4 ſmall Plane, 
| Spherical Mirrors are either Copcave or on- 
Tex. : 
The firſt are, made of art of an hollow 
Sphere poliſh d. * 

The ſecond are parts of Spheres pid on 
the. butſide. Ky tr ee 


+ id © * | 1 


— * . WH * — i 7 


ies = 6 ana. a 


1 = © = ud 49> ww. wa. a5. 


Book III. f Natural Philofophy. p 
A Ray coming upon any ſpherical Mirror, together go 
with its felled Ray, is in a Plane, which dung con- 80e 
tinued, goes thro" the Center of the Sphere *, for ſuch a * 782 
Plane is perpendicular to the Surface of the 
Sphere. A Line which is drawp thro the Center of 805 
the Sphere and Point of Incidence, being continned, 
makes equal Angles with the incident and reflected 
Rays * ; for that Line is perpendicular to the 58. 
| Surface, and thoſe Angles are Angles of Ingi- 
| dence and Reflexion: Therefore the Ray that goes 806 
thro" the Center, or which being continued wou d go 
thro" the Center, when. reflected returns upon aſl 
Plate XII. Fig. 5.] Let bc be à Portion of 
convex Mirror; A a radiant Point; let Ab, Ad, 
AG, be incident Rays; the reflected Rays will 
be bf, dg, ch; if from the radiant Point A, a 807 
Tangent be drawn to the Mirror, the reflected Ray 
F will be a Continuation of the incident, or ca- 
. ther the Reflexion of the Rays is termingted in the 
e Poim of Contart. | 
© Tf bf, dg, ch, the Rays that are reflected from the 808 
| convex Mirror, be continued, with all the intermedi- 
1 ate ones, by their Interſections they will form the 
| Curve a 4, which all theſe Rays touch, and the 
neighbouring Rays interſe& in the Periphery of 
the Curve; ſo that they always enter the Eye as 
jk they came from a Point of the Periphery; ir 
which therefore the Point A does always appear *, 737 
as long as the reflected Rays can come to the 
Eye, and the Eyc is mov'd in a Plane which 
des thro” the Center of the Sphere; hut when 
the Eye is remov d out of that Plane, the radi- 
ant appears in another Curve, becauſe there are 
ſuch Curves in every Plane, which may be con- 
ceiv d to paſs thro A and G | 
Since all theſe Curves, and each of them 8 
wholly are behind the Glaſs, all the Objefts alſo 
ae behind the Swfece of the dH 
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5 E Object likewiſe appear ereft, For if the 
o Pine” A be moy'd about the Mirror, the whole 
Curve 4a is carried with the ſame Motion; 


_ which proves (in reſpect to the erect or inverſe 


zituarion) chat the Points of the Repteſenta- 
n have the ſame Relation to each other as 


| the Points of the Object itſelf. 


As the Point A is farther remov d frank the 


| | Glass, *the, whole Curve does allo recede by a 


we is Face 12 9 ſpheric; 


contraty: Motion ; fot ſuppoſing A at an 1e 
Diflance, that Point of the Curve which is the 


fartheſt remov'd from the Surface, will be diſtant 


om it 4 quarter of the Diameter; whence it 
ſlows, chat the Objefts appear diminiſ a, 1 05 


; alt the Kepreſentations are compris 4 in ſmall 
its. 


FI Eye be mv'd, "the Appearance of the 0b- 
fb. Foal "and its Figure chan d: Fot LM 
e Points are mov'd in their own Curves, a 


that equally, according to the different Luut. 


Clube Eye in relpeck of each Curve ; . 


e of Necelfity the Figure muſt be DAT 


FLIGHT 135%. 


eriment 1. pile XII. B e Lon 
c ifr 


- Nanding at A, fee his Fate at a "ere, 


DF 


diminifh'd” 27 pd ; by, the Motion of the 
Eye one may obletve, the other Things men- 
tion'd in reſpe& to fix d Objects. 

Tet b4 (Plate XIII. Fg 1.0 ee n, 
duct 1 of a 8 ves CT, Kh ne C; 
arallel all upon t 75 Sur t rror, one 
of which, C4, is ſuppos'd, to pals thro" the Cen- 


des ter; this Ray 'by Reflexion 'returns upon Ay, 


- and the Rays n next to it bei g grelles, becom 
dtonve and concur. wit it in the Focus F. 
which is the middle Point between 4 and C. Let 
Al be a Ray yy little diſtant from Cd; 5 
6 
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| the Semidiameter Ch ; the Angle of Incidence 
will be As C, to which the Angle of Reflexion 


CSF“ is equal, as alſo the alternate Angle 


bCF; chetefore ö F C is an Iſoſceles Triangle, 
and the Sides FC and F 6 are equal; becauſe 
bis very ſmall, F d and F#do not ſenſibly dif- 


= fer; therefore FC and Fd are equal; which 


| Demonſtration will ſerve for all the Rays that 
are but very little diſtant from Cd. 2 


they do not meet at F; yet they will all come 
together into a little Circle, if the Diameter of 
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805 


If parallel Rays are farther diſtant from Cd, 


the Mirror does not exceed the fifth or fixth © 


Parr of the Diameter of the Sphere of which it 


is 2 Portion--- 


* 


Burning Mirrors are made upon this Founda- g 14 | 


tien, "which collect the San's parallel Rays into 
a Focus, apes 1 2 4 PEA = . a 


"Plate XIII. Pig. 2] Let chere 


be a concave Mirror S, made of Metal, or of 


Glaſs quickfilyer'd behind; let it ſtand upon the 
wooden Foot P, whoſe upper Part is bor'd fo 
as to receive a Cylinder of Wood made faſt to a 
tranſverſe Piece A A, which ſerves for turning 
the Glaſs round with à horizontal Motion; 
and the Mirror itſelf muſt move upon two Ends 
of an Axis between the Pillars A B, AB, ſo as 
to be inclin'd in any Angle; and the Screws B, B, 
will make it faſt in any Poſi tio. 
Having expos'd the Burning- Glaſs to the Sun- 
Beams in ſuch a manner, that the Ray which 
comes upon the middle of the Glaſs is perpen- 
dicular to its Surface; fince all the others are 
parallel to it, they are collected in à Focus, at 


my 


Glaſs, and there burn violently. 


* * 
— 


If 


2 quarter of a Diameter's Diſtance from the 
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If the Diameter of the Surface of tha Mirror 


(as it is in mine) be of about 15 Inches, and 
the Focus is 18 Inches diſtant from it, Wood will 
| immediately be in a Flame, and thin Plates of 
Lead preſently melt. 

Tf we conſider the Rays that are at ſame D 
ſtance from Cd, and parallel to it, tho wok of 
them that are neareſt one another being 
cted, will interſect before they come to Ce d, _— 

815 in chat Caſe, that is, where parallel incident Rays 
fall obliquely on the Glaſs, being a little diſpers'd by 
Reflexion, they are colletied in a Point. 


816 "If the Focus, in which parallel. Rays are collefled. 


a concave. Mirror, becomes the radiant Point, the 
ays which are but little diſperſed, are reflg» 
1 ww F paralet 20,906 another * 
r eſe Properties of a goncave Mirror 
817 5 we $1 Sa the Method of repreſenting Qbje&s 
in a dark Place, much like what was before 
„ in — ws of a Convex Lens. 

Plate, XIII. Ng. 3.] Ler there be an Hole Þ 
* the Wall; —— a b be a concave Mirror, ſo 
plac d # to. 0 the parallel Rays that are 
perpendi 7 the Wall at F: The Rays com- 

* 3:6 ing from F in that Direction, are reſſected, 

. - ſuch are the Rays, which! being reflected 
bom: the external Obj ty, interſe& one another 
⁊t 

Let 'AP be Rays coming from 2 Point of 2 
diſtant Object; theſe Rays are by the Mirrog, 
reflected perpendiculariy to the Wall; and be- 
cauſe Rays coming from a diſtant Point, and 


paſſing thro? a ſmall. Hole, may be look d upon 
as parallel, theſe Rays will, aſter Reflexion, be 


| colſected into one Point at a, at the Diſtance of 
* 815 the: Wa all *, that i is in its Surſace; where there-. 
fore the Point Will he repreſenteg, In the ſame 

marr the Rays which came from 2 Point 


through 


Fa 
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r 
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through B F, are collected at ö; which, as it is 


true with Regard to all the Points of an Ob- 


ject, will give the Repreſentation of it upon the 
Wall: And if the Wall be white, and the Ob-- 


ject enlighten d by the Rays of the Sun, the 


Picture will appear in very lively Colours. 


Experiment 3. Plate XIII. Eg. 4.] In à dark 
Place cover the backſide of the Window - ſnut 
with white Paper, an Hole being made in tlie 
middle of it little more than half an Inch Diame- 
ter, ſo as to anſwer to an Hole behind it in the 
Window-ſhut, over againſt which, at a Diſtance 
no leſs than of 50 Foot, | there: are ſeveral Ob- 
jects enlighten d by the Sun: Let à concare 
Mirror whoſe Surface is 15 Inches wide, and 
which collects parallel Rays at the Diſtance of 
18 Inches, be placed at that Diſtance ſtom the 
Window, in ſuch manner, that a Line 
thro the Center of the Hole, and the Center of 
the Surface of the Mirror, be perpendicular to 
the Plane of the Paper and the Surface of the 
Glaſs. ' Then the Objects will be repreſented : 
e the Paper in a Circle concentric with the 
Hole, and whoſe Diameter is equal to the Dia- 


& 


e 


+ 


meter of the Mirror. | You muſt join to the 


Hole, on the outfide of the Room, an hollow, 
truncated Cone, to exclude the Light which does 
not come from the Objects to be repreſented. 


Let be ( Plate XIII. Fig. 5.) be a concave Mir- 319 


ror; C the Center of its Concavity; A @ radi- 
am Point farther diſtant than C the: Center f the 


Glaſs; A, Ad, Ae incident Ra, whole refle» * 


ted ones b,, dg, eb, with their intermediate 
ones, by their mutual Interſeftions form the Curve a a, 
which they all tonch ; therefore the Point A appears 
in that Curve *; and if the Eye be mov'd in the $08 
Plane of the Curve, the Appearance will change 


halt}. Place 
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Place in that Curve. But in all the. Planes which 
may be conceived to paſs thro CA, there is 
ſuch a Curve, and they all concur in the Line 
819 ns „ namely at — 5 that 
int a, the reflected s are abundantly col- 
lfed, which therefore is call'd the Focus of the 
Rays coming from A. On the c6ntrary, A 
785 will be the Focus, ſuppoſing the Radiant at 2 *. 
In this Figure there is only part of che Curve 
which is produc d by one part o the 
Line AC; ſuch. another Part muſt be conceiv'd 

on the other eee g eee 
3820 At the W Paint made the Cure. comes 
aces che Miro: ods vd R 

921 As the Radiant comes W tata 

| recedes from the Mirror, and moves toward the 
Radiant; till they concur. at Negra in 
which, I the Radiant be. plac d, al tb. reflebled 

* 806 Rays will coincide with the incident , and the whole 
Curve will, arif were, Eren e in the 

| Center. To Fl ads 
3822 the Radar is yet brought. nearer to the Miv- 
| ror, ſo-as to be berween the Center and the Glaſs, 
the”. Curve will recede farther, and be then beyond 

the Center; and in the Curve, that Point will 
recede moſt of all, in which all the Curves con- 
eur which are conceiv d in ſeveral Planes, that is, 

the Focus of the radiant Point: and that Focus 

$23 n Diſtance, when the Radiant 
aut from the Mirror juft the fourth Pare of the 


"812 Dicer of tbe. Sphere.* Then alſo the Curve is. 


| 816 extended in inforitum, and the tun Parts which con- 
cur in the Focus of the Radiant are jeparated; 

this ſeparated Part is ſeen at a a: (Plate XIII. 
Fig. 6.) File Radiant le brought ſtil nearer, the 
Curve Parts decline from ane another, becauſe the 
Rays, NE WS OY, near it el 
flected, 
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flected, do not touch the Curve, but become di- 
vergent; that is, thoſe: reflected Rays being conti- 
nued beyond the Glaſs, will interſect one another, 

and form a new Curpe behind the Glaſs, which has 
two Legs, one of which is ſeen at a4 they con- 

Eur in the Line C A continued, namely, at a, and 
receding from the Glaſs, are ſtretched out in inffe 
gitum. And there is alſo on each Side of the ra» 
diant Point, a Point in the Surface as d, which 
ſeparates the Rays that ſotm the Curves a a and 

a a; and the Ray A 4 being reflected in dg, 
touches neither of the Curves, it it be inſinitely 
continued toward each Part g, g, tho it is con- 
tinually coming nearer to each Curve, If the 
whole Sphere. was compleated; inreſpe& of the 
oppobteParr of the Sphere, the Radiant w auld be 
beyond the Center, and the reflected Rays would 
form the Curve Which we have mention d bet 
fore, by which the ſeparated Legs, as a a, would 8186 
be join d. Theſe things thus præmiſed, we pro- 
ceed to explain the Phænomena of concave Mix- 
ae init RIO. e FLEA nl $$ 
be Mirror be. enlightened by a'Iucid Boch, the 825 
Rays which come from all the Points of the Objeti le- 


u reflected, will form Curves, but are chiefly cal- 


letied in the Foci of theſe Points; therefore if. theſe * 879 
Bath are in the Surface of a white Plaue, there will be 826 
— Experiment of Chap. IX. and that Repre: 
ſentation will be inverted; for the Line which 
joins the radiant Point with its Focus, goes thro 

the Center of the Sphere; in which therefore » g is 
all ſuch Lines interſect one another; and this 
Interſection is between the radiant Point and the 
Foeus,“ in which the Point is repteſente. 18 
But us the lucid: Body is brought nearer to the Mir- 
or, the Appearance recedes farther,* and in this 82+ 
Caſe becomes bigger. 18 e 21060 3 * 1e nn g 
10 i : Experi- 
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- primes.) Held a lighted Candle berwer 
tho — the Center of the Sphere of 
1 is a Portion; yet ſo that it may be 
more diſtant from the Mirror than that Center: 
— 9 perpendicular to 
8 s chro the Candle and the 


Come fr ve tr Plane be held 
beyond the Center, you ve upon it- an in- 
verted- of dhe Candle; the pro- 


per Flate will de found by moving the Plane 
forwards and backwards ; - ab. likewiſe by this 
Proportion; vig. as the Difference of the Di- 
ſtances of the . the Center of the 
* and from the Mirror, ie the fourth 
rt of the Diameter of the ſo is the 
Diſtance of the Candle from the Glaſs, to the 
Diſtance requir d. As the Candle brought 
heater to the Specilum, the Plane muſt de mov d 
E =y 7 will a 


2 * 2 525 ned onde 
Plate un Fu x 5 plaed beyond 
1 appear * of Cory, or 
_ atbche Points vppear appear in a Curve as at a 4 
$28 imager ebe Gl wil alſo be diminiſo d IS 


 .»* © vernd:; for they are reduced into a narrow Space: 


..2 and as the Point A moves downwards, its Re. 
_ preſentation will be carried upwards ; 'for the 

a a keeps the ſame Situation in reſpe& of 
13 round the Center . 

| 7 25 TX 


- Experiment f. Plars XIII. Pg. 7. Leaſt the 
* Repreſentation of the Objects bord be leſs vi- 
vid; the Mirror is to be included in a Box. 
vou hate a Mirror, whoſe Surface is about 8 
Inches wide, and which is a Portion of a Sphere 


of one Foot and 4 half i in Diameter; ſhut it up 


in 4 _ P, in whoſe Fore-Part ele ion 1 


7 
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of about & Inches Diameter, ind from which 
the Glaſs is diſtant above & ot 5 Inches; aich 
let this Openitig'be turn d from the Light. Now 
if any Perſon; as A, — himſelf at the Di- 
95 ce of about 2 Foot f the Glaſs; his Face 
appear inverted in Box rowards; the 
Hole and if the Beholder comes nearet” he 
will ſee a Head coming dut öf the Hole. 2! 

The Repreſentation of a Pbint, placed in the the 82 9 
of a Sphere, comricler with the radi ant Point "ofelf,, 
and is as it were ſwallowed up by it cs 

If the- Eye be plat d in that Center, 10 Object ran 830 
be feen by it; fot then only the Rays that flow” , | 
from the Eye will be reflected to it * 806 

te ObjeFF®b4 between the Center mid the Phine 831 
in which e Rays are colleFFed a Reſtexion, 8 
the Object wilh "alſo ap} cw, ithout the Glaſs,” at a- 

greater Diſtajice from aſs" that the Objekt its! 
Fug; * the. Rep Gali is inverted, which 1 * pro” * 824 
ved in the ſame manner 'as in No 828; 

magnified, becauſe it is farther emos d from He 
Center, than the Object itſelf is diſtant from it 
for the Repreſentation recedes from the Centet 
in infinitum, whilſt the Object goes thro' the. 
fourth part of the Diameter of the Sphere. 

J the Object be" Jeſs diſtant fri the Mirror thun 832 
the fourth part of the, Di iameter of the Sphere, ac- 
cording to the different" Situation F the 85 ye, the Ob- 
jelt appears either TT or behind the Glaſs. . A 

'Plate XIII. Fig: &.] H the Eye be (6 plac'd, 
that thoſe Raye: may come to it which form the 


* 


* 


ne Carve 44 as towards f, it will ſee the Appeat- 

„ daes of the Object towards the Glaſs * maghi*"* 8.4 

16 fed; becauſe the Curyes, as à 4, Which belong 

gs 0 ſeveral Points, are diverging - a 

re || If thoſe Rays come to the Eye Abiell drt“ $33 
p Cure aa, the Object Anka appear r 

74 be Glaſs: Aad -i bor Cafe the Nl 

of Vo L Il. 1 wif 3 


98 ee 4 Book III. 

eretũ; for as the Point A aſcends or deſcends, 

> Curves. aa and a a, in which it is repre- 
are * ted wich the ſame Motion. 

$34 "cj the Eye he in the Point, in which the re- 

Rays that belong to each Curve interſe& 


955 another, as.» i the Appearance of the ie 


double. 
it is plain 1 in. x every. Hoe of 80 pearance, 
that the Points have n ation to 


one another, as the P ye the Object; and 
05 ir th hat a gung day — never repreſents the 


- Objeft exaftly : But the moſt 1 Repreſen- 
tation of all, is har mich is ofuch Nigel at 


62947 
TP There are allo cylindric Mirrors convex and 
concave; ; theſe in one reſpect are Plane, and in 

anothet reſpect ſpherical ; and therefore the Re- 
N tation of the e is very irregular; 
ich-Irregularity,, ſince it , depxoda pper pon a re- 
n Figure, may. be ſo termin d, that Pi- 
y be drawn, hich tho' truly irregular, 

Glals ap by K 
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5 eee bich Figures are Painitec 
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Phænomenon wonderful enough to deſetve a 
particular Explanation. The Inſtrument that 
performs this is call'd a Magic Lantern, which 
Optic Writers have not alcogether pals d by, 
but yet have not ſufficientiy explain d. 

Plate XIV. Fig. .] Ler there be 2 wobden 
Box about a Foot and an half long, 14 Inches hiph, 


and as wide; there muſt be a concave Mirtor 8, 


of 8 Inches Diameter, and a Portion of a Sphe 
of 18 Inches: This Mirror is fix d to a Foot 
which moves upon Rulers aloag the me of 
the Box. 

There is alſo in this Box a Lamp L, ſuſtair 
by a wooden Foot which is moveable as 
between two [Rulers in the Sides of the Box. 
The Pipe of the Lamp ſtands forward in ſueh 
manner, that the — of the Flame is ver- 


rot; this Flame is made up of ſour little Flames, 
which by touching one another; make one 0 tt 
Flame, above two Inches wide. 
In the Top, or upper Plane of the Bor bete 
is an oblong Hole, which has a Cover chat ſſides 
in two Grooves, or between two Rulers or 
Ledges: Thro' chis Cover paſſes the Chimiley 
C, which (as you ſee in the thixd Figure) ſtatids 
up about one half Foot above the Box. The 
Chimney is moveable with the Cover, whilt 
the Opening remains ſhut; that the [Chininty 
may be always over the 
99 — one of the little Sides of the Box which 


Hole about 5 Inches wide ; which'muſt have'in 


Mirror, And W aud Tall 


Fot. . upon 


— 


againſt the Center of the Surface of the Mit- 


the Mirror thete muſt be a round 


it a Convex Lens of Glals of the ſame Bigbeſs 
V, convex on boch ſides, whithare'Portions'of 
‚ 8 Foot Diameter: The Axis f 
continued to the Surface of the 


100 Mathematical Elements Bock Ill. 
upon its Center, as likewiſe to the Plane of the 
Flame, thro' whoſe' middle Point it alſo paſſes. 
This Hole is ſhut and open'd by a Plane 
moveable in a Groove, which is mov'd by a 
Cylinder that ſtands out of the Box at Kk. 
J170 d this Hole without the Box anſwers the 
Tube I, whoſe Length and Diameter is of a- 
bout 6 Inches, at the End of which there is a 
Ring, in which a ſecond Tube t moves, of about 
4 Inches Diameter, and 5 or 6 Inches long. 
In this leſſer Tube there are two Lenſes; the 
firſt in that end which is thruſt into the Tube 
. and it is of the ſame Convexity as the Glaſs 
V. and three Inches and a half Diameter. The 
ſecond Lens is three Inches from the firſt, and 
fatter; being terminated by Portions of a Sphere 
of four Foot Diameter. Between theſe Lenſes, 
at the Diſtance of about one Inch from the ſe- 
cond, there :is:plac'd a wooden circular Stop, or 
Aperture, which ſhuts up all the Tube, except 
an Hole of an Inch and a quarter Diameter in 
a the middle af the Wood. 10 901 Ot? 5k. 
The Objects that are to be repreſented; are 
to he painted upon a flat thin piece of Glaſs, 
which maſt be mov d without the Box over- 
againſt the Glaſs V, between it and the Tube 
IT. the Picture being in an inverted Poſition. «If 
cheſe / Pictures are round they may be of 5 Inches 
Diameter: That they may be moved eaſiiy 
they are put into flat Boards, three in one Board. 
The Pictures alſo may be painted upon long 
_ Glades, which _ be ſucceſſively made to ſlide 
pbeſore cn Sli MW. 8 %% oo] 


* 


Plate IV. F. z.] This whole Box ſtandi 


upon a Frame or Foot, made ſo that it may be 

fix d at different Heights. There are flat piece: 

d Wood fix d — — lids 
nn Otooves in the Frame; each of them has 
qu «Ha... 268 
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Slit in it; ſo that the Box may be made faſt at 
at any deſir'd Height by the help of Screws 
join d to the Frame, and moveable in the Slits. 
The whole Machine is \ roy at the Diſtance 
of 15, 20, or 30 Feet from-'a+ white Plane, 
which Diſtance. muſt. be different according to 
the Bigneſs of the Plane; for this Diſtance may 
be equal to the length of the Plane: The 
Box muſt be juſt at ſuch an Height that the 
Tubes, in the ſide of the Box, may be exactly 
polite to the middle of the Plane. 
The Lamp being lighted, the Box muſt be 
ſhut, and the Figures which are painted upon 
the Glaſs will be repreſented upon a white Plane. 
By moving backwards and forwards the Tube 
that has the two Lenſes in it, you will find the 
proper Poſition of the Glaſſes requir'd to give 
a diſtinct Repreſentation. As for the Diſpoſi- 
tion of the ſeveral Parts of the Machine which 
in immediately ſerve: for exhibiting this Appear- 
: ance, we ſhall here more particularly explain. 
are Ml Plate XIV. Fig. 2.] The Parts in this Figure. 838 
aſs, Mare ſhewn ſeparately ;.S'S is the Mirror, 1] the 
Flame which conſiſts of four Flames in the Line 
IE; VV is: the Glaſs: V of the firſt Figure; 
OO is a Picture painted upon a flat thin piece 
ol Glaſs; a a the biggeſt Lens; dd the flatteſt 
Lens; b b the wooden Stop between the Lenſes; 
the Aperture or Hole in the middle of the 
er {£5 ME 
[Theſe Things being diſpos'd as has been al- 
Neeady explain'd, and as may be ſeen in the F- 
re, the Rays which proceed from a Point of 
de Picture O O, by going thro' the Lens aa, 
ieceWecome leſs diverging, and fall upon the Lens 
dd, as = 1 from a Point more remote * * 699 
has Jom this Lens they go out more converging ®, 699 
Sli d are collected upon the Surface of the white 
| 855 | H 3 Plane, 


1 
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Plaue, where they exhibit the Point of the Pi- 
*711 Qyre, that is painted on the Glaſs *.- This Pi- 
Cure is illuminated both by the Rays that pro- 

ceed from the Flame 11, and by the n, 

fleted by the Mirror 8 S. 


839 For the Perfection of this Machine is Win 


d, 1ſt, That the Figure OO be ht- 
Kid as a as poſſible ;- 2dly, That —— e- 
qually enlighten d in all its Points; 34%, That 
all the Light by which every Point of the Picture 
is enlighten'd, go thro the Lenſes aa and 44 
to the White Plane, and ferve to make the Re- 
preſentations 4b, That no other Light but 
chat go out of the Box, leſt the Repreſentation 


uy be wy lively, by reaſon extraneous 


"The. felt: -Requilica. depends upon the bigneſs 
of che Flame and of the Mirror, and of its 
Ooncavity; the more concave it is, the nearer 
it is to be brought to the Flame, and then tlie 
more Rays will be intercepted and reflected; 
yet Care muſt be taken that the Mirror (which 
may ere Glaſs) be not too 
much heated. 

When the Flame ad Mirror — ithie's. 

that — is op moſt enlighten d that ic 
can pqſbly be, and every where equally: en- 
lighten d, the Flame and Mirror muſt be ſo 

—— d, that the inverted Image of the Flame 

* $26 wall fall juſt upon the Picture. Now as the 
Repreſentation of the Flame can be encreas d 

„826 and; diminiſh d, the Mirror and Flame muſt 
be, ſo diſpos d, that the Repreſentation of the 
Flame ſhall cover che whole Pictute upon the 
but ſo as nut to exceed it: For then the 

Picture is as much enlightend by the reflected 
Light as it can be, and all its Points ate equally 


1 


8 FfrgrsgFgg ges 


mg me XK 


near | 


LO 8 g. ESE 74877 — 2E 


3.52 
72 5 


cu. 


Bock Il. 


Light woa d be diminiſa'd, and the Diminution 
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_ _ — all the Points of the Pi- 
cture; this Light wou d indeed be encreas d by 
bringing the nearer.; but the refleted 


of this laſt wou'd be greater than the Encreaſc 


of the other. 

The Glaſs v V ſerves to infle& the Lig ght, 
by which, the Picture OO is illuminated, y 
fore it comes to the Picture; by. which Infle&ion 


all the Light comes to the Lens a 4, and ſerves | 


for the Repreſentation on the white Plane. 

All the Light that is of Uſe for this Repre- 
ſentation, goes thro the Hole F; and the Rays 
coming from different Points, interfect one an- 
other. there; Wherefore the Picture upon the 
Glaſs which is placed inverted, is re ted 
ere& upon the white Plane; by the bb all 
the Rays which do not ſerve to form the Repre- 
ſentation, are intercepted, leſt they ſhou'd enter 
the Room, and make the Picture leſs diſtin&. 
This Ring or Aperture allo intercepts thoſe Rays 
by which one Point is more enlighten'd * 
another, whereby the Light, which ( from. what 
has been ſaid) is equally enough diffus'd, is yet 
made more 


en ATI of DEI: 


But ule the Stop or A- 5 8 
perture 46 be juſt where the Rays — * 
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alu ranſparent. Such are all dey 
RNA. diumsif, except aiFacums © 
4). + 9 9 There is no Body whoſe ſmaleſt Parts 
care nt tranſparent : No one who is 
ks to Cremer Fo will 1 of this. There 
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| Book III. of Natural Philoſophy. 


| Experiment 1. ] In 4 dark Room, in which 
| the Sun's Light cames in thro* an Hole, let that 
| Hole be caver'd with a thin Plate of an apaque 


Body, and the Light will go thro it; a piece 
of Wood of the Thickneſs of the tenth part of 
an Inch, does not intercept all the Light. But 
the perfect Tranſparency of Parts in opaque Bo- 
dies is not prov'd by this Experiment, for that 
Tranſparency is only in very ſmall Parts. 


Ogacity does not (as is commpaly imagin'd ) 842 


happen in Bodies, becauſe the Way thro” which the 

Light might paſs, is feopp'd by Particles of Matter ; 

for. Light paſſes thro all the ſmalleſt Parts of 

Bodies; neither is ſuch an Interception of Light 

of, any Uſe to cauſe. Opacity: It 4s requir'd for 

Qpacity that the Light ſhou' d be reflected and 

deflected from a right Line, for which there is 

only requir d the Separation of two Medi-, , . 

ums, 122 dow e . 206 
Let us conceive. a. Body conſiſting of very 90 

ſmall Parts perfectly tranſparent (ſuch as are the 

Particles of which Bodies 'confiſt * ). and ſepa- * 841 

rated from one another by Pores; and that thoſe 


F Interſtices are either void, or fill'd with a Me- 
| dium whoſe Denſity is different from that of the 
| Particles; if Light enters ſuch a Body, it will 

every Moment fall upon a Surface dividing Me- 

diums differing in Denſity ; therefore it will un- 
dergo innumerable Reflexions and Reftactions 

in that Body *, ſo as not to be able to get thro 637, 

it. Therefore we ſee that Opacity depends upon 795 


| the; Porat ; for if you fill the Pores with a Medium 843 


N 


| of the ſame. Denſiiy as the Particles the Bodies 
| themſelves, the Light will undergo no Reflexion 
or Refraction in the Body, but pals. directly 


thro? s; and the Body will be tranſparent. 447 
; Tho 792 
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Tho' we cannot make De WES r 


e to fill the Potes-of a Body with a Medium ex- 


actly of the ſamc Denſity as the Parrieles, yet 
the following Experiments will clearly enough 


prove Sir 2 Newen's Dodtrine concerning 


9 | 
oli, 3 Pipes bangs more mne 


rent when moifien'd with Water; for it fills the 
Pores, and differs lefs in Denſity from the Par- 


. fa. than ' A does O . the ſame . 
* pO 


k anne FA 


Beppe 3] Tale 4 N of Glefs r two 
Inebds: thieke; and take ſeveral Plates of the 


ſame ſort of Glaſs laid upon one another; yet 


ſo as not to be quite two Inches thick; ahd 


you will find that theſe will be. leſs tranſparent 


_ - » than the ſolid piece; becauſe of the Ait between 
the blates, which does not get into the 9 


Piece where all the Parts cobere. e Fcomy 


Experiment 47 Take twelve: Plates boy whe 
foams Glafs, a near as may be of the ſame 
Fhickneſs; det is ard: fix of them be laid toge- 
ther ; if you take the leaſt tranſparent of thoſe 
two Parcels, and having dipp'd it in Water, 
take it out again, ir will become more tranſparent 


than the other; becauſe the Warer, which in 
that Caſe flls the Interſtices between the Diaries, 


differs leſs in Denfiry from the Glafs- ww of Air 
does. 


What hav been fald ue Dovelrsi 8 3 con- 
firm'd, and put out of all doubt by innumerable 


Experit ments, by which Bodies perfefFh tranſparent 
_ become opaque, by the Separation of their Har 


without the Intervention of any opaque Bod 


| = 


Book Il. of Natural Philoſophy, 
Experiment 5. ] Let any perfeatly n 

Liquid, that may be chang'd into Froth, be 

mak d, till it be full of Bubbles; it will imme- 


diately become opaque, by reaſon of the Inter- 
ſtices that are fill d with Air. 


Experiment 6.) Turpentine and Water are 


tranſparent Bodies, but when, mix'd, they be- 


come opaque. * 


Experiment * Wates avi Oi by ms mix'd 
together become pages, tho fingly they are 
N 5 N 


—— 8. ] 
yet if it be reduc'd to Powder it becomes 
opaque; as it alſo does when crack d. | 

e clearly ſee in alt theſe Caſes that 
is produc d, becauſe there is a Medium 
rent between the tranſparent Parts; 
which may alſo be obſerv'd in the Clouds, which 
are opaque on account of the Air interpos 4 be- 
tween the Particles of the Water. 

-If we add to this, what is ſaid in ths 22d 
Chapter following, 
thin Plates, we ſhall have new oe Experiments by 
which alone it is fully prov'd that Bodies inter- 


cept the Light, becauſe they conſiſt of very” 


thin Particles, encompaſs d with a Medium di- 
fering from them in Denſity. 

Some op 
and the reſt of the Light, by innumerable Di- 
viſions which it undergoes in the Reflexions and 


Refractions above-mention'd, is extinguiſh'd in 


the Body; ſuch are black Bodies ; ; if there were 
any Bodies perſectih black, they wou d reflect no 
* for all Bodies, when no Light fall _ 

them, 


45 | 


concerning the Colours of 


paque Bodies refle& a little Light, | 


| Tho? Glaſs be tranſparent; 
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them, and therefore they reflect no Rays, 5 
pear. black. | 
Other opaque Bodies ALL IR to have vitions 
Colours; ſome tranſparent Bodies are alſo ting d 
Colours: And whence thoſe ariſe we are now 
to examine. N * 


AP. Icing 20:2; 


Conceraia the different Refrangibility o 
" aht Sun's R. e 2 ef 


ODI E 8 appear differently colour a, tho? 

they be enlighten'd by the ſame Rays of 

the Sun Which are reflected by them. Beſides 

theſe there are ſeveral Phenomena of Light, 
relating to. Colours, not to be overlook d. 

246 In theſe we are to obſerve three Things. 

iſt, The Rays ate to be examin d. zh, Their 

Reflexion is to be obſerv d. zah. We are to en- 

quire into the Conſtitution of he Surfaces of D 

dies differently: colour cc 58 

$47 As to the Rays, the firſt Property to be ta- 

ken Notice bf here, is, that in the ſame Cir- 

cumſtances all 3 Rays ow ot . the ane 

9 mitt 7 

TIT | 5 ; # + N 148 

ne JOEY 15 

2s The "Wea which undergo this differen RefraBlios, 

are ſaid to have a different Refrangibility, and 

thoſe are ſaid to he maſt e en which are oe 

woot by 1 | 


| in LTIO.N = antics i 
$49 Thoſe Rays. are ſaid to be Homogeneous, which, 
44 not differ from one . in Refrangibilin. | 
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And thoſe are cal d Heterogeneous, 'which, un- 850 
der the ſame' Circumſtances, are not equally inflected 


4 * \F 
: action. * 


* 


pla XV. Eg. 1.] Between A B and Co 


jet there be a Sun Beam made up of an innume- 


table Quantity of . Rays; theſe are not 


equally refracted; for if they fall obliquely on 
the Surface B D of the denſer Medium, ſome 
of! them are refracted between BE and DG, 
and are mov'd according to that Direction ih 


the denſer Medium; others are more inflected, 


and direct their Motion between BF and DH 
according to the Direction of thoſe Lines; and 
indeed no Direction can be conceiv'd between 
Rays do not move 
in every Point between B and D: So that the leaſt 
Beam whatever is, by Refraction, divided into an 
innumerable Quantity of Rays; becauſe every 
Sun-Beam, however ſmall, is heterogenous, and 
conſiſts of an innumerable Quantity of Rays re- 
trangible in all Degrees of Refrangibility. _ 


The above-mention'd parallel Rays falling 951 


upon a plane Surface, by Refraction are mov d 
between BE and DH; which Lines diverge 
from each other, and being continued, are more 
and more ſeparated ; fo that the Rays above - 
mention'd are diſpers d by Refraction. In No 
653. we have confider'd the Rays as homigeneal, as 
Alſo every where in the foregoing Part; the Dif- 
ference of Refrangibility is ſmall enough in the 
Rays of the Sun, not to have been worth ob- 
ſetving in the foregoing Propoſitions, Beſides, 
we were firſt to examine what happens in ho- 
mogeneal Rays; and what muſt be chang'd in 
n upon account of the different 
Retrangibility, will eaſily appear. Thi 8 

| at 


w 114 1 


— 


from thoſe that are leaſt refrangible, and the 


muſt be encreas d; which will be perform d, i 
the Rays above · mention d fall upon the Surface 
EH, which terminates a denſer Medium, and 


way, and diverge more from the others upon a 


ſhut, of about à quarter of an Inch, thro which 
a Sun-Beam enters the darken'd Room: Let 


Mathematical Elements Bock III Bo 
That this Refrangibility of the Rays may be I 
made viſible, the above-mentian'd Divergence 


ſeparates it from the rarer Medium, and which 
makes Angle with the. Surface B D, and is 
ſo inclin d 8 ae Rays which 725 22 
frangible, fall more obliquely upon it than thoſe 
that are leſs refrangible ; ſo that the formet᷑ going 
into a rarer Medium are more turn d out of the 


double account, chat is, both upon the account 
of a greater Refrangibility and of a greater In- 
clination. The Rays between BE and DG, 
which are the leaſt, refrangible, being refracted 
2 time, continue their Motion between 
EI and GL, others between F M and HN: 
In which Caſe, if theſe Rays fall upon a 
Plane at the Diſtance of 15 or 20 Foot, thoſe 
that are molt. refrangible will be ſeparated 


whole intermediate Space is enlighten'd; with 
Rays endow'd with a mean Refrangibility. 

_ Experiment x. Plate XV. Fig. 2.) Let there be 
an Hole in the Plare of Metal in the Window- 


AA, in ſuch manner, that it may be wholly re- 
flected by the lower Surface (ſee the Exper. of 
Ne 789. By the two Refractions which the 
Light undergoes, Rays 7 differently re- 


frangible do not diverge, and being reflected, 


come upon a ſecond Priſm BB, which is like- 
wiſe of Glaſs, and triangular, in the ſame man- 


10 

n 

* 

a p * 

this Beam fall upon a triangular Priſm of Glaſs 
| 

b 

N 

| 

f 

ner as if they bad come directly from the Sun. 


rr Theſe 


| 
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Theſe two Priſms ate moveable about their 
Axes, as was before explain d“; the firſt A A 791 
is laid upon a piece of Mood faſten dito it, yet 
ſo as not to hinder it from turning about its 
Axis; this piece of Wood is faſten d to a Three- 
legg d Staff with a Ball and Socket, ſuch as is 
us d in practical Geometry. The ſecond Priſm 
BB is laid on a Frame or Stand 8, in whoſe op- 
polite: Sides there are ſeveral Slits that anſwer 
one another; by theſe the Priſm is ſuſtain d ar 
different Heights, but always horizontally, the 
End of the Axis being plac d in correſpondent 


The Light that comes to the Priſm BB 
moves perpendicular to its Axis, and paſſes thro', 
as is demonſtrated in Fig, 1. in whith-BD and 
EH repreſent the Sides of the Priſm ; the Light 
is alſo equally inclin d to each Side; which will 
happen by moving the Priſm about its Axis; for 
the Light of the Sun (as you move; the Priſm) 
will aſcend, and then deſcend again; and the 
Situation requir d is that in which the Light is 
higheſt of all: Now both the Priſms are to be 
ſo diſpos d, that in this Caſe the Light may go 
horizontally out of the Priſm B B. This hori- 


zontal Beam, at the Diſtance of x5 or 20 Foot, 


muſt fall upon the Board T which is cover d 


upon it, it may be xais d and fix d at different 
Heights. The Rays come diverging to the 
Paper, and upon it form the Oblong Image 
RV, terminated at the Sides by parallel Lines, 

bur ſemicireular at Raad V 
„If the Rays of the Sun that go thro the 
round Hole fall upon a Plane at à certain Di- 
ſtance, they will form a bright round Spot, ſo 
ich the greater, as the Plane is: mere diſtant 
the Hole; which ariſes from the Rays that 


come 


112 


come from the Sides of the Sun, which making 
an Angle with thoſe tliat come from its Cen- 
ter to the Hole, and interſecting them in the 
— gives the Image of the Sun upon the 
Plane 195 254 2 200 "640. 4 . a AF. 
If the Rays did not go thro the Priſm B B, 


and fall upon a Plane at the Diſtadce of the 


Board T, the. Image of the Sun wou'd have its 
Diameter equal to the Breadth of the Image 
VR; which Breadth is not alter d by the Re- 
fraction, becauſe the Rays enter the Fit per 
pendicular to its Axis, and in reſpe& of che 
Breadth of the Image, are not inclin'd to it. But 
as in another reſpect the Image of the Sun is 
oblong, it follows plainly from thence, that all 


the Rays have not undergone the ſame Re- 


fraction; for homogeneous Rays, tho? refracted, 
will give a round Image of ihe Sun. The leaſt re- 


frangible Rays go to R, and the moſt refrangi- 


ble to V; and the whole Image RV is termi- 


nated with Semicireles at R and V, becauſe the 
whole Image confiſts of Circular Images. Now be- 


tweet R and V there are innumerable Quan= 


tities of circular Images, made by Rays of all 
ſible Refrangibilities; otherwiſe the Image 


= wou'd not be terminated with rectilinear 
Sides. e 087 Hott It U 144 
In moſt Experiments, we have {aid that the 
Light is let into the darkened Noom thro” a Slit 
or an Hole, which we leave to the Contrivance 
of the Workman; our Method was the fol- 
lowing . Nd e $67 I8 eee 1 

Plate XV. Pig. Je made an Hole 4 Inches 
ſquare in che Wißdo uk, which on thtee Sides 
had Ledges of Wood A B, BC, CD, ſo rabber- 
ted; as to make Grooves to keep in the ſquare 
flat piece of Wood QL, which is ſix Inches long, 
and fix Inches wide. It may be drawn dear 
IIS) | ; an 


re RR . 241 
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ing and ſeveral Sorts of them ſerve for ſeveral Expe- 
en- riments. That which we uſe in the following 
Experiment 1 a. Hollow and a Hole in the 
the | middle behind to contain a convex Lens, which 
is the Object Glaſs of a Teleſcope of 16-06-20 
B, Foot; the round Hole in the middle mark'd f 
the is above half an Inch in Diameter, thro? which 
its the Rays of the Sun paſſing thro” the Glaſs, en- 
ige ter the Room. In the Fore-part alſo the Board 
"BC is hollow'd, but not in the middle; this 
er- Holtow 8 the braſs round Plate L, which 
the towards its Circumference has an Hole at 5, 
zue which Hote is equal to the Hole in the Board. 
5 Q ifelf, and agrees with is Together with L 
at Il there. is another.concentric Plate, which is leſs, 
de. aud moveable about the Center; this Plate has, 
ed, I ſereral unequal Holes, which ſucceſſively comes 
re- to F as the Plate is turn'd round; ſo that you 
S. If may. at Pleaſure, let the Light enter à dark 
1 Place thro” a bigger ot a leſſer Hole; which. 
Ii many Experiments, that are P 
be- out the Lens above - mention d, is of good Ute. 
* The Pin m join d with the Plate ſerves: to turm 
1 it 1. | * n 45 v Is: | 


ge Y 4 4 a A | | 3 l 5 4 
ear  Zprriment.2.] Let ih a Fun-Beam thto the 


the of an Inch wide, into the darken d Room; by 
lit the Rays thus let in, at the Diſtance where pa- 
tallel Rays are collected, the Sun is very exacti7 
repreſented, and its Image terminated with ex- 
actly deſcrib d Bounds. For the Rays that come 
1 from the ſeveral Points of the Sun; which by, 
& Yreafon cf its immenſe Diſtance, may be look'd 

| Upon as parallel; are collected in one Point at 
hat Diſtance... IO. eee? 
85 Plat XV. By. a. Nh with . 
wa make the Experiment above - mention d, the 
nd Vo I. II. a Greta 


above-mention'd, thro” an Hole a quarter 


114 Mathematical Elements Book III. 
ſeveral Images made by the homogeneal Rays, Ir 
ſuppoſing the Board at a juſt Diſtance, are ex- yr! 
actiy terminated ; and thetefore the Oblong I- I 
mage RV, which is made of all theſe Images, 3 
is likewiſe regularly terminate. 


This Experiment will ſucceed in the ſame 1 
manner, if the Rays paſs thro a Priſm made of 
any Body which is denſer than Air. 8 

0 | | Ch 


Experiment 3. Plate XV. Fig. 2.) Let a tri- 
angular Priſm be made of Wood and two glaſs < 
Planes, and fill'd with Water; ſuch as is re- 
preſented at BB (Plate XVII. Fig. 3.) If ; 
you make uſe of this Machine inſtead of the I. 
Priſm BB in this Fig. the Experiment will ſuc- 
ceed in the ſame manner ; and in” paſſing thro' 
Water, heterogeneous Rays in the ſame manner 
are ſeparated by Refraions, 


* Experiment 4.] If any Perfon ſtanding 15 or 
20 Foot off looks at the Hole thro* which the 
Light is let in, it will appear round; but if before 

his Eyes he holds a triangular glaſs Priſm, or 
the watery one mention d in the laſt Experiment, 
ſo that the Rays coming from the Hole (after 
ſuch Refractions as the Light ſuffers in the fore- 
going Experiment) reach the Eyes, the Hole 
will appear oblong. The Situation of the Priſm 
will be found, if holding it horizontally with 

one Edge (or the refracting Angle) upwards, it 
be a little mov d about its Axis, ſo as to make 
the Image of the Hole to aſcend and deſcend ; F 
and the Priſm be held faſt in that Poſition in 
which the Hole appears moſt depreſs'd. 

This Experiment, as well as the foregoing 
ones, proves the different Refrangibility of the 
Rays; for by the homogeneal Rays of each 
Refraction, the Hole appears in the imaginary 
Foci of the Rays coming from the leveral br 

4 SID 7. ae 4 | 11. 0 


his Chapter. 
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of the Hole *, which Image is round; the Rays 737 
which undergo a different Refract ion, enter the 
Eyes in different Directions; and you have ſeve- 
ral Images, all which form the oblong Image, 
which is really ſeen; | 

But that this different Refrangibility does not de- 85 5 
pend upon the refracting Medium, but the different 
Conſtitution of the Rays themſelves is prov'd, becauſe 
thoſe Rays which in one Caſe undergo the great- 
eſt Refraction, are in any Refraction turn'd out 
of the Way more than an). | 


Experiment 5. Plate XV. Eg. 4.) All Things be- 
ing diſpos'd as in the firſt Experiment at any Di- 
ſtance from the Priſm BB; let the oblong I- 
mage of the Sun fall upon the Vertical Priſm 
CC, which is alſo moveable about its Axis; as 
the Rays go thro' it, let it be turn'd about its 
Axis, and left fix d where the Rays are leaſt of 
all turn'd out of the Way by Refraction thro* 
the Priſm: In that Caſe the Rays are refracted 
in the ſame manner thro” this Priſm as thro” the 
firſt, but they are not diſpos'd the ſame way, 


for that wou d form a ſquare Image. But here 


the Image keeping the ſame Breadth is inclin'd 
t RV, the Rays at V being moſtly turn'd out 
f the Way, as in the Refraction thro' the firſt 
Prifm BB. | bk 9553 | 

The Demonſtration, before given *, of the con- 356 
fant and ſettled Ratio between the Sines of the An- 639 


Pe, of Incidence and Refraction, may be referr d to 


eneous Rays; but conſidering the diffe- 


Gent Refrangibility of the Rays, this Proportion 


aries, as it follows from the Experiments of 
But the Refs angibility in all the different Sorts of 857 
ays is every way unchangeable, as will appear by the 
Experiments to be mention'd he lt Pole 
Vol. IL I . CHAP. 


= — 
V 4 


| 

1 
1 
4 


00 det EE 
: ak — - 


Or es 
— _— AS al i a os — 41 £ 


— r Er 


— ovaiby LS 


— << BASE 


- 4 + © £ 


116 Nr 2 b, l! 


— 
— 7 
2 


ut 


E 


1 T TY w_ 


_ 2 


tt. 


CHAP. * 


Concerning the Colours of the 4 i 
SIN Unehangeableneſs 1 


858 HE different Refrangibiliiy if W a 
„T5 af the differemt Colours; and every 
fort of Rays as they are move or fs iel led by Re- 
frattion, have a particular Colour of their own, and 
which is wholly unchangeable. 

In reſpect df the Colours, the ſame Thing i is 

to de abſcrv'd/ as has been taken Notice of in 
* regard to other Senſations ; this Colours art 
8 which have nothing common with the 
— „ by winch they are excited: Therefore we 


define, what we we meats by ecken d Rent 
| let's Ode | 5 «NR. 


ter 4 ? "tt, 21 i 7 1 * N k 1 wu ; 25 . i 


2 = - Dot ani Ton 3 6 

2 4 0% Aen. ſach 4 Calne, — 

12 Ius excited in ne _ * = rer 
re are ALS. 
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1 amat ode, U. 7 
e Rays, which ftriking Ghia 
 excite- in our Mind an Idea of ay = "are uf 
' © Raye of: that Colony. 3 
We have {aid that the Rays excite an Idea 
neu underſtand that the Rays put the 
ies into a trembling Motion, "that My 


dien occaſfons an Idea in the Mind. 
Hen XVI. NE A] Ir is very: ident from 
the Experiments of the foregoing Chapter,” that 
+2 Kays .of a diflercut Reſeangibiliry have ix diffc- 
s for thoſe Experiments ſhew- clue 
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Dy with different Colours. 7he Rays u 


= 8 15 55 


is done b 1. intercepting the Fan —— ſo — 
only thoſe that come from the Center of the 


Sun {hall paſs thro! the Priſm ) 2 Centers of 


the particular Images which m e the — 
long Image will not be chang'd; 


Lines, is not Sung. And: this alone won A 
temain the ſame, if. the Breadth of the Image 
ſhou'd be infinitely diminiſh'd :-. And therefor 
Loa pee 11.16 heconkderd in dean 

ning the ts of the Calours in the Image 
elk, theſe * are repreſented in this Fi- 


the n Length of the image being divi 
into 360 Parts. | 

I ile Rreagth of rhe oblong [moge of dhe Sn 4 
diminiſh d, the nta Colours arg more ſepar a- 
ted in the lage; becauſe there are fewer art 


cular Images / confounded in the ſeveral Points, 


where Rays of Ae an e eg differ 
little from each other. 

De Colour of any Ry, 45 405 Py Refrangibility, 
cannot be changed iy am Refrac tions, or Reflexions, 


the 1223 the Image a h, between 8 


gure by the Letters a, l, e, d. e, In 4» b. and the 
Number which is ſet down; againſt each Colour 6 
denotes the Space taken up by it in the Ima 1 


362 


863 


or mingling of the Rays tegether. 41:91 bits -- 


In this Chapter I ſhall ſpeak of Reflexion 
and Refraction, and of. the Mixcure of I 
ole eg ene. 1 oy 4 hou v12 15: 


. 
5 N 
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864 That the Refrangibility is not chang'd by Re- 

iſcestivn, is prov d by the 5th Experiment of the 
füoregoing Chapter; which may alſo be referc'd 
to Colour; but is more clearly evinc'd by the iſ 


following Experiment. Concerning which it is 


to be obſerv'd (as may be alſo ſaid of what fol- 


lows) that the Experiments are to be made with 
Priſms of clear Glaſs, free from Veins; for they 
occaſion the Light to move irregularly; and the 
Rays are not duly ſeparated by the Refractions. 


© Experiment 1. Plate XVI. Fg. 2.] Every thing 
being as in the firſt Experiment of the foregoing 
Chapter, you muſt make the Experiment with 
a Sun Beam, going thro* an Hole of half an 
Inch Diameter: The Frame or Stand S in which 
the Priſm is, muſt be ſuch, that the little flat 


Board t, to be us'd in this 'Eperiment, may 
move between its ſides; this Board has an Hole 


F of 7 of an Inch bore, thro? which the Light 
refracted by the Priſm is tranſmitted, whereby 
the Rays in the oblong Image are better ſeparated 
from one anerher, the Rays being moſtly inter- 


cepted; this oblong Image R V, at the Diſtance 


of 10 or 12 Feet from the Priſm, falls upon the 
Board : of a Stand like the former; in which 


Board alſo there is a ſmall Hole F like that in 


the firſt ; thro! this the Rays paſs upon a ſecond 


' Priſm laid upon this Stand, and are reſracted in 


the ſame manner as in the firſt. By moving the 
firſt Priſm a little about its Axis, the Image RV 
aſcends or deſcends, whereby the different Rays 


dare ſucceſſivelytranſmitted thro*the Hole; in eve- 


ry Cafe, the Rays refracted thro” the ſecond Priſm, 


and ſtriking upon the flat Board T which is co- 


ver'd with white Paper, are not diſpers'd at H; 
but the Image is round, if the Rays fall perpen- 


dicularly upon the Paper, and alſo of the ſame 
24 3 


E Colour 


20 206 20 2 252. 


re 
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Colour as the Rays falling upon the ſecond 
q Priſm. Yet the Image H is ſo much the more 
| lifted up, as the Rays, by RefraRion thro? the 


firſt Priſm, are more turn d out of the way; that 


is, thoſe that are moſt refrangible in the one Caſe, 


do alſo ſuffer the greateſt Refraction in the other. 


It will appear alſo by the following Experi- 
ments, that the Refrangibility and Colour are 


not chang d by Reflexion. 


Experiment 2.] The Rays, which for Exam- 
ple, make the red Part of the oblong colour'd 


are always red; that is, all Bodies appear red 
in that Light: In the violet Light they are 
violet; green in the green; and ſo on in the 
other Colours. 
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This will appear by trying it with Vermil- 


lion, Or iment, blue Bice, or Cloth of any 
Colour, 17% 23 e * 


Experiment 3. Plate XVI. Fig. 3. Let the 
Light enter the dark Room thro two Holes of 


a quarter of an Inch Diameter each, in the 


round Plate moveable in the Window ; let theſe 
Beams be about two Inches aſunder, and refle- 


| 
Image, whatever Body they are reflected from, 
| 
| 
| 
| 
| 
| 


ed by the plane Mirror 8." -- 


The Plate and Mirror muſt be ſo diſpos'd, 


that the two Beams may fall upon two Priſms 
| AA, which are laid horizontally upon the ſame 
| Frame; ſo that the oblong Images, produc 

by the Refraction of thoſe Priſms, may touc 

one another at their Sides. Let one Priſm be 
turn'd & little about its Axis, that the red of 
one Image may be juſt on the ſide of the Violer 


of the other: Let theſe Colours, and none of 
the reſt, be intercepted by a wooden Ruler that 
has a white Paper paſted upon it, ſo chat the 

IS I 4 5 RKRed 
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* 
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the Violet at v. the 12 0 
All, which mul; 
If any Ferſan 


Priſm BB. looks at 
9 


us; 3 R and V. A 


ee Foncer 
N 2 of the ers x 
leurs ſeparated 

r, and the 0 at vs -Whic: 
reflected in going. ep the 


one Angt 


goes a greater Refractipn, 


In the 


gave: a Method, 


rogeneous 


dllvers 


Colours 


firſt Experiment 11 


by 


whereby to il — 


og Caper) 
bapter,). be will — he Co. 
hs 1 * 


1 
l BB, under- 
8 Cla Wand 


ter we 


e hete- 


Rays betzer Than in Other 1 5 
86s ments; in che following Experiments, Lights of 
hecome much morę homo 


Ogene - 


ous, which is requir'd in the ſixth; Exporiment 
of chis Chapter, 


* 10 105 10 
v xperiment 4. plate Kun 


E 


ph, of tan Ing 
ed hy the P 


rt 10 


N 


7 0 
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gun s Light enter the dark N thro an Hole 


he dun · Beam muſt be a 
A do che convex Lens V 


which fands upon a Fot, and is about 3 or 4 
Inches wide; the Length of the. 


lected. Rays..zaken'ogether:; is: 
Feet; the Cooreaity of the ($44 N 
- the Foti of theRays-coming, png 
Vartrs af che Hole, at che Diſtance 
Escot ſtom the Long, will form 2 
of the Hale if 


55 ee e T. at 
placing che At 
which the Rays — 


2 Paper be 


5 termidated e 1 NV. 


S $12.0 
| VS we Aa, 


a — 


o io or _ 


enta- 


held . there *. 
Juſt. beyond che Lens place the Hriſm B B, 
— the Rays (as in the fiſt. Experiment 


Ohapter) aue diſpars'd ; now 
ance. at 
we : coming from-rhe foreral Points 
.. *are: collected, there wil fall. upp git a well 
„ Wh hoſe 
Length 
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Len gth will haye a 


eater Proportion to i its 
Breadch than in ney riments; and which 


therefore is made up of Rays more hom 

{| ncous *; and ſo much the leſs wir d, as the Hole * 
in;the Window: is the leſs. By moving forward 
or backward the Board T, one: may find the 
Diſtance at which the Image is moſt. dad 
and terminated without a Penumbra. 

Now that the Rays ſeparated in this Expe- 
riment.are homogeneous enough, is proy'd f rom 
this, that — e moms dhipears by a 
new Refraction: is the Property 
of homogeneous Rays, follows from 


ar 
Refrangibility ; whi already been opnfirm d 
864 


by an Experiment, and js. mo Fa e 
braced by the following one. 1 


5 I 


1 5.1 Take two Circles of paper 
an Inch Diameter each, and jet Light fall up- 
on 2 in ſuch a manner, that the one may 
have. the. homogenequs Rays of a8) Colour 
fall upon it, and the other may be enlighten'd 
by the Rays of the Sun; if both theſe Papers be 
look d at thro” the Priſm at the Diſtance of ſame 
Feet, as in the thind Experiment of this Chap- 
ter, the Circle enlighten'd by the heterqgeneous 
Light, appears oblong, and ting d with diſſe- 
rent Colours, as in the fourth Experiment of the 
foregoing Chapter 5 hut neither the {Colour nor 
Figure of the other Circle is chang d. 


ee 6.] Upon a white Paper draw 

black Lines parallel to one another, and about 
on e of an Inch nes let 2 . 
ighten'd by throwing pon the Paper 

long Image, which. is deſcrib'd in the fourth. 

Experiment, ſo chat the Lines may lie long-wiſe 

# * Image. Beſides this you mult have a con- 


VEX 
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ver Lens, about five or fix Inches wide, fu- | 
ſain'd upon à Foot, ſuch as is repreſented at V 
(Plat XIX. Eig. oo 


which collects the red Rays 


that come from a radiant Point, fix Foot diſtant : 


from the Glaſs, at an equal Diſtance on the 


other Side. If this Lens be plac'd at the Di- 


ſtance of fix Feet from the Image above-men- 
tion'd, the Parts of the black Lines that are 
enlighten ten'd” by the Red falling upon the Paper, 


by means of the Rays which are collected by 


the Lens, will be exactly repreſented in the red 
Image at the Diſtance of fix: Feet; but you 


muſt bring the Paper forward about three Inches || 


and à half, to make thoſe Parts of the Lines 


which ate enlighten'd by the Purple, to appear 


diſtin& in that part of the Image which is of | 


the ſame Colour : The intermediate Colours 


give Images at intermediate Diſtances ; the Vio- 
let is ſo weak, that tlie Threads cannot be re 


preſented i in it. 
This Experiment does arfe confirms; that the 


Colour of reflected Rays is not chang'd by a 


new Refra&ion thro the'Lens; as alſo that the i 
moſt refrangible Rays are more infleQed than 
the others in paſſing thro the Lens. 
867 
7. different EY ity of the Rays is the Cauſe that i 
. binders ibe 
of the Points that are equally diſtant, fall at 


This laſt Experiment does alſo nov 45 the 
eftion of Teleſcopes. For the Foci 
different Diſtances from the Lens, according to 


their different Colours; whence all the Re Fan 


ſentations of the Points are unequally diſtant 


the Eye-Glaſs; and therefore rhey cannot be all 


perfectly ſeen thro it. 


868 Concerning the Reflexion of rhe Rays it is 


to be obſerv'd; that thoſe Rays are more eafily re- 
 fefied totally, which have the greateſt Refrangibility; ; 
for the greater is the! Refration of of the Raye, 

the 


III. 
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© 


, ſu- che leſs Obliquity is requir'd to make them be 


at V 
days 
ſtant 

the 


Di- 


nen- 
Are 


| 


totally reflected“. 4 


y Experiment 7.) Take a Priſm, plac'd as be- 


fore , in the Experiment where it was obſerv'd,* 790 
chat by moving the Priſm about its Axis, the 


Rays that firſt went thro', when their Inclina- 
tion is encreas'd, 'becomes wholly refle&ed ; bur 
if the Priſm be gently mov'd in this Caſe, we 


mall perceive that the Violet Rays are the firſt 


which will be wholly reflected, then the Purple 
Rays, and and all the reſt in the ſame order, as 


they are in the oblong Image of the Sun, ſo often 


mention'd'; which appears, if the reflected Rays 


be ſeparated by the Refraction of the Priſm. 


— 


„H A b. sd 
Mixture of Colours, where we ſball 


| ſpeak of Whiteneſs, _ 
THA the Refrangibility and Colour of 


Of tbe 


the Rays are not chang'd by the mixture 869 


of Rays of different Refrangibility, has already 


been ſaid ®, and now we mult prove it by Expe- 863 


riments. 


. Experiment 1. Plate XVI. Fig. 3.] This Expe- 
riment muſt be made in the ſame manner as the 
third of the foregoing Chapter; here you muſt 
make the Red R, 
founded and mix'd together, by throwing them 
upon the ſame” part of the Ruler LL, which 
thereby will appear of a purple Colour in that 
lace. But if a Perſon looks at them thro' a 
Priſm, the Colours will appear ſeparated;;-and 
therefore neither the Colour nor Refrangibility 
are chang'd by this Confuſion of _— 
4 | xpe- 
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and the Violet V be con- 
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Experiment 2. Plate XVII. Fig. 2.) If the ob- 
long colour d Image of the Sun (of which men- 
tion was made in the firſt Experiment of the 
18th Chap.) falls at RV upon the convex Lens 
L, mention'd in Experiment 4, of the foregoing 
Chap. which mult be plac'd at ſix or ſeven Foot 
from the Priſm BB, the dive! Rays will 
converge, by the Refraction of the Lens, and 
jaterſe& one another at the Diſtance of 9g or 
10 Feet at A; if the Board T be placed at 
a greater Diſtance, the Rays which diverge 
again after the Interſection, will fall upon it di- 
ſpers d; and you will again have an oblong co- 
lour'd Image; but the Colours, by reaſon of 
the Interſe&ion at A, will appear in a contra 

Order, and win not be chang'd by having been 


wud go << o = - <= +4 


are confounded together; there will be a 
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white ; but if they are ſeparated, their Colours 
ate diſcover'd ; and if they be mix'd again, the 
Whiteneſs wilt be reſtor d. | 


Experiment 4. Plate XVII. Ng. 2. Things 
being diſpos' d as in the two foregomg Experi- 
ments; let the Board T be plac'd at 
vety Place where all the Rays of the Ima e 
ite- 
neſs at A; if with a black you intercept 
the Red of the I 
nifh, and the Colour ar A be blaifh ; but if you 
intercept the violet and blue Rays, the White 
tori f. Pre XVII. 22 5.) Teke th 
e Experiment „Plate . Fig. 3. Ake three 
triangulat Pritms, made of Wood and Plates of 
Glaſs which contain Water, as BB, DD, DD; 


the Plates of Glaſs in each of them make an 


125 


„in the 


NV, the White will va- 


Angle of about 70 Degrees: The Length of the 


Plates is of fix or ſeven Inches, and their Breadth 
of three Inches; theſe Plates are fix d in another 
manner in the Priſms DD than in the Priſm 
BB, fo as to make their Baſes bigger; that is, 
theſe Prifns are ſhorter and deeper than the 
other. Let the Sun's Rays be refracted thro” the 
Priſm BB, as in the 3d Experiment of the 18th 
Chap. and let the oblong Image of the Sun at the 
Diſtance of three or four Foot fall upon the Sur- 
face of the Priſm DD, plac'd parallel to the 
Surface of the Priſm BB, out of which the Rays 


In the ſecond Priſm the Rays undergo © © 


2 contrary Refraction than in the firft ; becauſe 
of the Parallelifm above-mention'd : And be- 
cauſe the Edge of the Angle form*d by the Glaſs 
Plates in the Priſm DD is turn'd upwards, and 
that of DD downwards; rherefore the firſt 
Refraction is deſtroy'd by the ſecond, and the 


— 


Rays go out of the Priſm D D parallel to one 


another, 
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another, and fall upon RV; for if the Priſms 
be brought together, ſo that the parallel Surfa- 
ces may touch one another, the Light will paſs 
thro' a Medium terminated with parallel Planes, 
(which is form'd: by the two Priſms join'd to- 
order ) .rhro' which Light, of any Degree of 

efrangibility, will paſs without change of Di- 


*628 rection Now the Priſms are ſeparated, that 


the heterogeneous Rays may be ſeparated, be- 


fore they again become parallel; if theſe co- 


lour'd Rays fall upon the third Priſm DD, and 
in paſſing thro it undergo a Refraction like that 
which they have undergone in paſſing thro the 
firſt or ſecond Priſm; the Rays that go out at 
r converge, on account of unequal Refractions 
in Rays of different Colours, and concur at A, 
in which place alſo Whiteneſs will be produc'd, 
as in the, foregoing Experiment. 


* > 


Experiment 6.] If an oblong colour'd Image 


of the Sun be made, after the manner deſcrib'd 


in Experiment 1. of the 18th Chap;. and a Per- 
ſon ſtanding at the Diſtance of the Priſm, that 
refra&s the Light, looks at the Image thro' the 
ſaid Priſm, as was done in reſpect of the Hole 
in the fourth Experiment of the ſame Chap. he 
will ſee a round and white Image; the ſecond 
Refraction deſtroying the firſt ; tor thereby the 
Rays being again mix'd, enter the Eye, and 
in this Caſe make the Object appear white. 


De Mixture of all the Colours which are obſerv'd 


in the oblong Image of the Sun, are not neceſſary for 
producing White : The Whiteneſs of the Sun's Rays 


is a little inclin'd to yellow); and therefore if 


| pat of the yellow Rays be taken out of the 


ixture, the White will be the more perſect. 
From the Mixture of four or five Colours, in a 


juſt Proportion, White will be produc'd. 


Pri- 
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Primary, that is, homogeneous, Colaurs being 873 
. Colours, diferent form 
the primary or homoggyeous ones. From a Mixture 

of other. Sears one may produce a..Colour : 

like that which is homogeneous ; but when there 

can be no Difference obſerv d by the naked Eye between : . 
au. homogeneous and a mix d Colour, one may perceive. 

a ſenfible Difference thro a Prim. 


Experiment 7.] Thro' a Priſm, look at any 874 
ſmall Objects, ſuch as Letters upon Paper, 
Flies, and other ſuch things; if they be.expos'd . 
to the common open Light, they will appear 
confus d; but if they be enlighten'd by the ho - 
mogeneous Light of the fourth Experiment of 
this Chapter, they will appear diſtin& when 


ſeen thro” the Priſm. 


- 
Fi i 2 ok 


— 


b 


e 
Of the Rainbow. 


AVING made an End of conſidering 
what relates to the Rays, whereby Bo- 
dies are enlighten'd ; before we leave this Sub- 
jet, we muſt explain a Phznomenon, which 
- too remarkable and common to be paſt by in 
llence. ＋ 33 13, 303 8 ON 
The Iris or Rainbow is what every Body has 
often ſeen ; we muſt explain what is the Cauſe - 
of it, having firſt laid down ſome Things for 
Rp . 
Plate XVIII. Eg. 1.] Let there be a denſe Me- 875 
dium encompaſs'd with à rarer, terminated by the + 
Circ BD FH. Let homogeneous Rays that are pa- 
rallel to one another fall upon it, and let AB be one | 
of theſe Rays; let the Semidiameter CB be 
dran and continued to N]; it will be ge" *. 
828 cular 
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Teculzt to the e ſepatating the Vediums 
ABN therefore” is the Angle of Incidence; 
This Angle is equal to che opphite vertical Angle 
CBL, Whoft Ste is CL, perpendicular to l 
aud going tro the Center; th Ra RIFE re wn 
* 624 ward the Perpendicular *, 
Angle of Refraction, while $ Ade is CM Ke 
from C perpendicular to B D: There is the ſame 
26 a between ſuch. Lines as CL and AX 
for 
ty Nay as there is or AB. 
3 ag penetrate into the tarer fl Pe, 
| |. in DÞ. Dite&ion D E, and in Part is reflected 
B and makes the Angle of Reflexiofi 
* 8og 8 F equal t6 the Angle of Inelde nee 15 fe , 
hence BD and DF ate e us The R 
DF does affo in part go out of the denſer M 


dium along F G, and is in Patt reffected Me 

F.H; Abich in. the ſame manner does in Part 

£0 thro* HI, and is in Part reflected: But this 
e 


Reflexion, and other farther Reflexions and Re- 
fractions we ſhalt not conſider; they are too 
| debt on _—— of hs ſeveral Diviſions . 


e MI. Fig. * "The Ray 5G. which 
1 abe o ke flexion. goes ont of 2 denſer Medir 
pts Ne he, Angle G PA De. incident 
Ra er varies in different incident Rays; 
2 — ang tho theſe Rays ſhou d be parallel, thr 
ul be aner d hon they go dt, after a. 
| a4 way be ſeen-by the ſecond: Figure. 
be Ray EE, which, being coptinued,| goes 
=> "Re Center C, is not tum d wy: GW. 05 AY | 


F. ds > wk 4 = returns ol, 
i e makes 8 greater * 
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[than the intermediate Rays between DD and 
EE do make with their returning Rays, which 
go out of the denſer Medium. | . 

Let BB be a Ray, in reſpect of which this 876 
Inclinatioa is the leaſt ot all, that is, which . 
nakes the Angle G P A (Hg. 1.) the biggeſt of 
all. Beyond BB the returning Rays are. more 
inclin'd to incident ones; thus AA returns. along 


ot a s :£1 8-03 7 25929 
From this Diſperſion of the returning Rays res 877 
ceding from the denſer Medium, they become 
continually weaker and weaker, and their Colour 
cannot be. perceived throughout the whole Space; which 
they Fi}, tho! the Colour of, the incident Rays 
be vivid. The Colour in the returning Rays i 
mh ſenſible, where the neighbouring Rays are par 
li, and thoſe next to them" diverge but very lit- 
tle; ſo that at a great Diſtance they are denſe 
enough to be perceiv d. Theſe only are ſaid to be 
acibm, and will be ſuch, when the incident 
ay$ which are near one another being refracted/ 
concur / in the very Point of Reflexion. 8 
Plate XVIII. Eg. 3.] Let AB, ab be neigh- 
bouring Rays parallel to one another, falling | 
on a circular Surface that; terminates a-denſer 
Medium; if theſe being refracted along BD, 4, 
do concur in D the Point of: Reflexion, the re- 
dected ones DF, D f will make the ſame Angles 
with offe another as the incident ones DB, D&; 
therefore the refracted Rays FG, fg will be pa- 627 
alle} * and efficacious *.-. In this Caſe the fol- 577 
lowing Method will ſerye to determine the An- 
ge made by the incident Ray with the returning 
one ; that 1s, the Angle APG, which here is 
the greateſt af all. 719 | 
Let us call the Ratio of I to R, that which 878 
found between the Sines of the Angle of In- 
cidence and Reſraction, when the Light goes 
Vol. II. £0 R 4 WEE 27 


Aicular to 5 D, and the Arc mn with ehe Center 


Now fince the Squares of proportional Quar 1 


2 Whence » we deduce 
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out of a rarer Medium, by Which à denſer is 
encompaſs d, into a denſer contain'd in the Cir- 
cle itſelf. Therefore, having drawn C perpen - 


C and Semidiameter C m, 
IR:: CL, CM: : C., Cm:: - 
CM=—Cm=Mn. | : 
Draw Bo perpendicular to B L, and allo BYI.ad 
perpendicular to V. D; and draw b P. ſo that it 
may make a right Angle with Bp; laſtly, join 
together by Lines the Points B, C, and M, u, 
the Triangles Bbs,BCL are fimilar ; for they 
are re&angular, and the Angles Bb and CBL 
(the Difference of each of which from right 
Ange is the Angle o B C,) are equal. 
It may be prov'd in the ſame made) tha 
the Triangles "BMC and B are ſimilar; the 
Triangle Mm u, which is rectangular at u, is 
alſo Day to this, for the Sides M B 
which are adicular to the Live B: D, ar 
parallel; as alſo M and Bb, becauſe the Li 
BD, bD, are biſected at M and n into' equ: 
Parts. "Therefore alſo BY is the double of Mn 
dB the double of m u. Me 
* PR wane, an 21, 
| 4 AI "1B C; BL: 24 Bs, B. 5 
2.8655 pr BE; BM: : . Bs, By. 
| Therefore 


BL, BM. BLI Bp ene 1 
. : CL, 2 CM, by comparing theſe f 8 
| Portions with the aforeſaid Proportion. - 


— are themſelbes nn racy W 
ve- 
BL, CL: „ BM. 4 o 


BL ICE BC, BL: BEAM 
SON. BM= BC = N ba 
.* LON“ | BYY -- 
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is By ſubtracting the firſt and ſecond Term from - 
Cir- the third aad fourth, (which does not change 
pen · ¶ the Proportion) you will have 
ener}. BCN BI* :1 3 CM?, LO —CM*:: z 
Ri, I* -R A; for there is the ſame Ratio be- 
Len CM and L C as between R and I. 
I therefore you know the Ratio between R 
ö BYIud I, you have the Ratio between the Semidi- 
"at 1 meter B C, and the Line BL, which is the 
join van of the Angle BC L, which Angle therefore 
A, is given; and by Conſequence you have the Are 
3 5 and alſo F. G, for they are equal. 2 
Haring the Sine B L, you have alſo the Sine 
df the Angle BOM; becauſe (as we have 
ben before? 

3 3 7 "BL, BM +: I,co R. 
| Therefore the Arc 2 is deanind, to which 
Id * MO FF * 

Hence we ma V eadly find the Arts N H and 37g 
[are * af — be taken out of the latter; 

Jad the Remainder be divided' into two equat 
Parts, we ſhall have, as is well Known, 4 the Mes- 
are bf che Angle AP G. | 

When the Ratio between 1 and R e un 
Angle AP G is ed; Which. therefore be- 
mes different, according to che different Re- | 
kangibility of the Raps 3 
. 8 e * enlightenel by berg 880 ö 

ow from the Sun, the effie 
ent Colours do nut nab — — > 


at Rog of frm Ou mart per * this 


of babsi Ne Coors are ſeparated. 


Plate XVI - 4. * t. 1 ter de 
Sun's Light enter che dark Chamber; thro à Slit 
In the moveable round Plate O, ad being hori- 


CMincally tefleRed/ from the Locking-glaſs 8, 
M. = wry For a Slibta'the little. Board or Stand Ty 
Vor. II. K 2 as 
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* 630 48 has been before. explain'd.* Take a Pride 
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exactly cylindric, made of clear Glaſs, aud full 
of Water. Let the Beam or Ray at f g fall upon 
the Surface of the Phiol, it will be retracted in the 
Water towards h ü, and there reflected, and will 
go out of the Phiol at In. The Phiol may be 


| Eaſily ſo placed, às to make theſe Rays effica- 


..- as B D, b to B; and therefore ſuppoſing Þ 1 


* 627 


cious; and, becauſe of the Breadth of the inci- 


dent Ray or Beam, efficacious Rays of all Colours 
will go out of the Phiol in the ſame Time; for f 


they are very little diſtant from one another in 


Boo 


their Incidence. If theſe efficacious Rays fall Nou 


upon à white Paper, at the diſtance of 4 or 5 


Feet from the Phiol, they will produce vertical 


Faſciæ or Pillars, of various homogeneous: Co. N qu: 


lours, ariſing from the efficacious Rays of each 


Colour; if alſo, the Eye be placed any where at 


the Diſtance of ſome Feet from the Phiol, as 


at N, in theſe eſſicacious Rays, it will ſee in the 


Phiol that Colour whoſe Rays enter the Eye, ji 


and by a ſucceſſive Motion of the Eye it will 
perceive all the aforemention'd; Colours. 


Plate XVIII. Fig. 5.) But as to thoſe Rays, 
which after x double Refraction in a denſer Me- 


dium emerge, they will be efficacious, if they 


are parallel after the firſt Reflection; for then . 0 
F H, fh are in the ſame manner inclin'd to He. 


the incident Rays A B, ab to be parallel, the 


emerging Rays H I, h i, will alſo be parallel.“ 


In this 4 D is half of the Difference be · 


tween the Arcs D F and 4F, or DB and d b, i 


but their Difference is B5 - DA; if therefore | 


this laſt be ſubtracted from the other, there will | 
remain the Double of the Are Dad, whoſe Triple 
therefore is B If by Lines the Points D, d, 


and B, 5, be join d, the Triangles B E & and eri 


D EA will be ſimilar, as is known which there- 


72 fore 


1 
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hiol Iſore obtains, tho' the Arcs B &, D d be ſo very 
| full ſmall, that they may be taken for right Lines. 
upon There is therefore that Ratio between E D 
n the and E, which obtains between theſe Arcs, 
will that is, E D is the third part of E b; or EB; be- 
y be rauſe we ſuppoſe the Arc B b to be extreamly 
ffica- ſmall. M D therefore is divided into two equal 
inci-Marts at E; and ME. is a third Part of EB. 
jours Now if (as in Fg. 3.) the Triangles B o , 
for Ig Y i, and Mn n, be form'd, M will be the 
er in turd Part of Bb, and Bp the Triple of Ma; 
fall Pow if, mutatit mutandis, we apply to this Figure 
zþat was demonſtrated with reſpe& to Fig. 3. 678 
xecauſe. in this B p is equal to 3 M, whoſe. 
quare is 9 M x*, we ſhall have x 
BC, BL:: 8 R, E- Ro 


From which Proportion, as was ſaid of Fig. z. 


I, asMhe Arc B N may be diſcover d, to which H 

n the s equal; and becauſe in this Caſe E 

Eye, BL, B M:: I, 3 R, | LR 
Tou have alſo. the Arc B D, to which ( becauſe 


he Angles of RefleRion are equal to the An- 


Rays; Iles of Incidence) D F and F H are equal. 8s 
Me- From which Things being found, we may 882 
they lily - deduce , the Arcs GF DN, and BH, 


then rboſe half Difference is the Meaſure of the An- 


> High H P B, which is.form'd. by the emerging 
oling May with the incident one; which Angle in this. 

the Caſe is the leaſt of all that are like it, and is dif- --. - 
el.“ Nerent according to the different Refrangibility 

e be· ef the Rays. Whence alſo in this Caſe the K 883 
d d b, rien Colours, ſuppofing the inci- 
— Parallel, are ſeparated after a double Re- 

> WI 1 F 
2ͤĩ?é1 
D, d, Plate XVIII. Eg. 4, Experiment 3.] This Ex- 


and eriment is perform d after the ſame manner as 
here · Ie ſormer, only the R wplt 


1 19h Mathematical Element: Book IN. 
þe. 4 little chang' d, that, after two Reflections 
8 the Phiol, -the Rays may come to the Eye or 
PA er towards N. | 

hat has been hitherto expltin'd, may be ap- 
plied to the” Rainbow; for' which Phenomenon 
| 1 1 rd, tha Dyops of Witer ſhould be ſuſpend- 
in the” Air; that the Heldt ſhould be placed 
= his Back - towards the San, between it and the 
Drops ; and that there ſhould be-a dark Cloud behind 
the Drops, that the Colours may be more ſenſible, 
which are ſearcely perceiv'd, if vivid Light ent 
ters the Eye at the ſame Time. 

If theſe Things' being ſuppos'd, we conceive 
each Drop to be cut by Planes paſling rhro? the 
Sun and the Eye of the Spectator; what has 
been demonſtrated of a Medium; terminated 
878, with a circular Surface,“ may be applied to 
e of Ray 5b 

8 ow nere zenetrate 
— Gr ok of 8 re ALY that i 15 
883. which ate 

. Nester ths of Fs b-J At le — * bean 

| 15 the 255 80 e A 
ways tween 1 R, 15 th. Ke Be cs 

Fed A of 4 to 3 ; with which 

bers, if the Computatio A e 
' 879 APG (RR Fg.) wile oy —__ ; 3 2 Mig. 


the Ang! o Deg. 5 
* 882 Min.“ Fe 0 FAG Ho Ner- nk ays, | 
scher as 10 e 81; which Num 


: REC IN 
1 give the Apgles Pi . B en 


* 879 17 Min R. bo 12 epi — 7 
ps de ſuß 


* 882 pie XIX. 


= to be gt in the Air, and enlighten 


anor 


the Sun's Rays, which arg parallel to 
i and 155 the Line QF. 4 t 


Pe of the SpeRator. Let e the Lines 70 
918. BO, Veen des be , n 
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let the. Quantity of the following Angles be thus; 
(viz.) eO F of 30 Deg. 17 Min. EO F 42 Deg. 
» Min. 0 F 50 Deg. 57 Min. BO F 54 Deg. 
7 Min. Theſe ſame Lines with the incident 
Rays de, DE, ab, AB, form Angles that are 
teſpectively equal to the aforemention'd ; there- 
fore, if the Drops be conceiv'd at e, E, 6b, B, 
the violet efficacious Rays, after one Reflexion 
in the Drop e, enter the Eye; and the red effi 
| cacious:Rays come to the Eye from the Drop E; 


termediate Colours are obſerv'd between e and 
E, in the abovemention'd Order“. After two 
Reflexions in the Drop, the efficacious red Rays 
come to the Eye from the Drop 6; and the effi- 
cacious violet ones from the Drop B; the inter- 
each mediate Colours appear between thefe Drops 
I ter the: ſame Manner as between E, e; but 
rare they are diſpos' d in a contrary Order, and by 
i waſon of their double Reflexion are alſs 
FF weaker. i $356. 0 PK e cdu 

Let us conceive a Line at Oe, to be revolv'd 
chat bout a fix'd Line O E, preſerving the Angle 

oO F, and to form a Cone or part of a conit 
Surface: in every | 
eich with the Rays of the Sun that are parallel ro 


ge of 40 Deg. 17 Min. F therefore the. Drops 
le diffus'd near part of the Surface of this Cone 
at the ſame or different Diſtances; the Eye wilt 
ſe a violet Arc or Bo-: Fhe ſame may be ſaid 
of the othet Colours; and thetefore Drops beig 
ſuſpended in the Air, it ſees an Arc or Bow 
de Breadth e E, ting d with-abe 


ſame order as in the Experiments with Prifms ; 


K 4 


one another, and to the Line OF, form an An- 


ä homogeneous Co- 
bur before-mention d, that are diſpos'd: in the 
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Jin like manner after one Reflexion, the other in- 


Situation the Line O will, 


861 


O becaufe the heterogeneous Rays are ſeparated as 
Ane mach in the Props as in the Pri. tf 2 $52 
2750 X By . 


9 * | Y 
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886 By the ſame way of reaſoning it is plain, 


there will be a broader Arc or Bow, furrounding the 
ft, in which the ſame Colours wil 8 a con- 
frary Os, and Woke, wy 


; Eper 3 3. age up 4 black Cloth i in the 
Light of the Sun; and let a Spectator look at it 
ſtanding between the Sun and the Cloth; then 
it Water be made to fall in ſmall Drops between 
the Spectator and the Cloth, the Spectator will 
en A . ee at beat the inner one. 


* 0 


5 by 
* 
» 


* 2%): Of: the Colour: of ebin Plater | 


W E paſs on to the Colours of natural Bo- 
dies; and before we go any farther, we 
think it proper to examine thin Plates. Who- 
ever attentirely: has obſerv d very thin Glaſs, or 
Bubbles made of Water thicken'd with Soap, 
miſt” have 'perceiv'd: feveral Colours in them. 
Rays of Li gh, by by help of a thin tranſparent 
Plate, are d from one another, and ar- 


887 cording to: the 2 Thickneſs of the Plate, the 


Rays of foms Colours ars tranſmitted, and thoſe of 


bert are reflected; andithe ſame very thin Plate is 


c Murder Colbus) when ſeen by the d Rays, 
Lee rope + foods 


n onet. 

biete xi Plate XVII Be: 6) Take two 
Objed-Glaſſes belonging to long Teleſcopes, 
AB and CD; 8 them be laid up- 
on the other; then let them be pteſs d toge- 
Ther hard, and in the middle; where the Glaſſes 
touch Due another, you will ſee a; tranſparent 
Spot, which is encompaſs'd with colout d Cir- 
cles. If * * 
tween 


- aan =O 2.090 Ss Q Zr 55H. 
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between the Glaſſes comes to the Eye at O, 
there will appear a black Spot; and the Co- 
lours, which as you recede from the Center are 
ſo diſpoſed, that by reaſon of the ſame Colours 
coming over again, tliey may be referr'd to ſe- 
veral Orders, they will be as follows; BLACK, 
Blue, White, Yellow, Red: VIOLET, Blue, 
Green, Yellow, Red: PURPLE, Blue, Green, 
Yellow, Red: GREEN, Red; which Colours 
are alſo encompaſs'd with other Colours; but 
as you recede from the Center ; grow continually 
weaker and weaker. _ l 

If the Light paſſes thro the Glaſſes to the 
Eye at O, the tranſparent Spot which tranſmits 
all the Rays is White; and by that Series, as 
you recede from the Center, there will appear 
Colours, which are alſo referr'd to ſeveral 
Qrders - contrary to thoſe e-men 
WHITE, yellowiſh Red, Black, Violet, Blue ; 
WHITE, Yellow, Red, Violet, Blue: GREEN, 
Yellow, Red, bluiſh Green ; RED, bluiſh Green, 
which are alſo encompals d with weaker Co- 


Experiment 2.] Blow up ſoap'd Water into 4 
Bubble, to. form à thin Plate of Water. Lee 
this be cover d with a very clear Glaſs, leſt, by © 
the Agitation of the Air, the Colours to be ob- 
ſerv'd in that Bubble, ſhou'd be confounded by 
the Motion of the Water. Such a Bubble, be- 
cauſe the Water continually runs .down. every 
way, is very thin at Top, and the Thickneſs in 
going down is continually encreas'd ; and for 
the ſame reaſon the Thickneſs of the whole is 
continually diminiſh d. Before the Bubble breaks, 
the Top of it becomes, ſo thin, as to tranſmit 
the whole Light and appear black. If, in that 
Caſe rhe Bubble be obſerv d by teflected Light. 
Wk ; 22a N N E Oi 5 abul nen 


* : 
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above - mention d: 
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When ir id enfighten'd by che Reflexion of 2 
whitifh Sly, and the extraneous Light is inter- 
cepted by placing any black Body behind the 
Bubble; Ns black Sper above-mention'd will 
appent, and be encempaſs d wich the ſame co- 
jour d Circles diſpos'd in the ſame Order ag 
about the black Spot ity the former Experiment, 
As the Watet ace the Rings are continu- 
ally ditated til the Bubble 2 75 

When the extreme Circumferenee of the Bub⸗ 
ble appears Ned by the reflected Rays, if it be 
* d at ſo as to be ſeen by the tranſmirted 

e will appear Blue; and generally the 

roduc'd by tranſmitted aid reffected 
Nane, A; the fame manner as in thi foregoing 
| Ex eriment; are oppoſite to one anothet. 


$83 comparing rheſe Experiments, it follows 
ene eaſe the Th;ckntſi of a very thin Plate, 
"oy be thang 47271 arid 'there will be the ſame 
ee 


a — 7250 in the ſame Order, 2 
"d out 0 Fe a defer Medi- 

um. e Plate 9 Air, Between the Glaſ⸗ 

ſes, and the watery one in the Bubble, whoſe 

Thickneſs encreaſes as it goes farther from the 

middſe, the Coloifts' will de the ſame Order, 

$89 Yer in 2 Pl a left Thickndfs is reijuir d thas 
int 2 erer! 1 dave it tg d with the ſame Colour. 


&., 
W — 


i .J. Prey Wi bel diſpo#'2 28 

Apeti 29 2 you wet the Edges of the 
alſes 4 little . ſideg the Water will by 
erer Micnate irſeif berwedn'the Glaſſes; and 
dbſer yd ths, ſite colon d Cireles 
2 in e A Ie, Acer their * be chan- 
gee, bur che Eitcles wilt be ke; "when the Wa. 


1 ac far jy le all 5 8.— Portions 


Ca dawn wt yp = Tt» TOSS OR” bs cy 
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it; Thickneſs ® 990 


ad Denfity, aud wi pan the encoryaſſing Madan, 245 


Ep E J At you take” a piece of Iſing- 
als or Talk, jo chin 2 to have ir colour d, the 
olours will not be chang d by wertitg it; — 

9 if inſtead of Ait the Plate is onde with 
„ 

The Colour of the ame 1 

vivid, as its Denſtty 2 2 5 

the eircumambiem — 


tae of th of the Bal Plate 5 wich Air. 
ide third Exp 


Plate of Water; hut in — bee E * 
ir is enclosd with A "Air, aud in 
Slaſs; but Warer 8 al der ef in Denkry 
ban Air and I 
r 4 ty - 9 
more u, ae be enc d with 
„ For à very 5 aſs Plate which is 


lour*'d oa account of its Thinnefs, being en- 
(als with... Ait xn fi . 8825 
vivid chan in By 


" 4 Pine af with Gtafs. © ne — 
the ſame Denfity, 7 with t 

2 85 e oh x more Light, 

1 et? 

the Light. t 

the fg Experiments; in the 

052 cen Circles which are the 
wg and which are alfo the thinneſt, refle& 


Ligh 4 2 bur in che Center, where 
or is e teſt of all, there is no ſenſi- 
this Appears in the fe- 


5 10 abe ker wer b we 


m f. in which 2 Plate of : 


A very thin Piare 
very — 


Marhemarical Elements 


Book III. 


olf Air, which does not tefle& Light; for the 


. . tranſparent. Spot in the Center, is much . bigger 


43 than thoſe Parts of the Surfaces of the Glailes 


vyhich immediately touch the iel in- 
wards of the comp reſs d Part oy aan 

If there are Plates of. the —2 Medium, whoſe 
Are are in an Arithmetical Progreſſion of the 
Natural Numbers 1, 2, 3, 77 5, 6, 7, &c. If the 
WE” Fs of them: all reflefts any homogeneous Rays, the 
ND will tranſmit the ſame, the of third again will 
es ar them, pn the Rays. wil he alternately refle- 
Fed and tranſmitted ; that is, the Plates, whoſe 
Thickneſs in the abovemention d Progreſſion an- 
ſwer to the odd Numbers 1,3, 5, 2, Oc. refle& 
the Rays which the others. tran mit , whoſe 
Tae Wr 10 the eren Numbers, 2, 4, 
6, 8 5 

This Property of the Plates, obtains in * 
of any ſort. of homogeneous .Rays, wit 

ifference, that different T hickneſſes are. re 
vir d for different Colours,” as has been ſaid. 


mn ore *; the 1 N of all for refle&ing Vi 


and tl hey muſt. be thickeſt foe relicing Rs ; 1 
the Thickne 5. an intermediate, 


an inte rmie late R Re fan 1 Sec . 
296 is, as the 75755 ity, of the 125 incre ales, - 1 
Thickneſs of of the. Plate, thas 2 Ms. is diminiſh 

. Experiment 50, Let the Experimer ha lad 
n Room. co prod She eblong Tas 

of. the Sun upon à Paper, ſuch as is mention 

8 Ti Ohjec⸗ 


In Experiment x. Chap. 18. Ile 
| Glaſſes of Jon; Tele | 7 s were men- 
tion'd in the Experiment pf this Chapter) 
let them Sig Cola aß and. ſa diſpos d, 
chat eve e! mage 2018 
mention og be ec ſeen in themeas 


ee ae he. Glas may 
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the be ſucoeſſively enlighten d by ſeveral homogene 

Ser Fous Rays; which may be done, by gently mo- 

alles ¶ ving about its Axis the Priſm that ſepatates the 

in- Rays to make the oblong Image. The Rings, 

mention d in the firſt Experiment, appear; but 

vhoſe © more in Number, and only of one Colour; by. 
the ¶ eaſon of the Unchangeableneſs in homogeneous: 

* the Rays: In the Interſtices of thoſe Rings the 863 

the ¶ Rays are tranſmitted, as plainly: appear by hold - 

will Nag a Paper behind, upon which the tranimitted 

efie- Rays will come; the Rings are leaſt of any, 

noſe ¶ ven they are violet; then are ſucceflively dila- 

an- ¶ ted, conſidering the following Colours, quite to 

lect Ide Red. The Rings being of any Colour, if 

ole ¶ jou meaſure exactly the Diamieters of the Cir- 

» 4: des chat may be concei vid to be in the middle 

T of the Breadth of the Rings, the Squares of? 

deck weir Diameters will be to one another as tbe 

this odd Numbers x, 3, 5, r. and meaſuring in the” 

Ter ume Manner che Diameters of the Circles in 

E te middle of every one of the Interſtices be- 
et, ¶ een the Rings, the Squares of their Diameters; 
vin be as the cvẽs Numbers 24 4, 6, c. Now 
of in ufing ſpherical Glaſſes, the Thickneſſes of 

the Plate of Air, in the Circles above: mention d, 

ire as the even and odd Nuinbers. A 2cly M 102 

„ DAI Io 1; * 8 

An homogeneous Colour, in a Plate of am Medi- 897 

um; is ſaid to be of the firſt Order, if the Plate 

le the thinneſt of al thoſe that reflet-that Colour; in 

a Rate whoſe, Thickneſs is triple, it it ſaid to be o 

the ſecond Order, 0 oe Foie; % yd £06 
A Colour "of «the firſt: Order is the \meſt vivid of 898 

any 3::and ſucteſſvely in the following Orders, in ti 

ſecond, third, &c. it is leſs and leſi vivid * 393 
When 4 Plate of Air is enlighten'd with he- 
terogeneous Rays, as that between the Glades, 
EWE. l 7 0 


o 
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of the Teleſcopes, or any Pla like it of any 
other Subſtance, 2s in Experiment 1. and 2, — 
ral of the Rings ſeen in the laſt Experiment are 
confohnded together, and that Colour is ſeen 
which: is made of. their Mixture; for the ſame 
Thickneſs of a Plate is ofien requir'd, for reflefting 
different Calaters of various Orders; So a. Plate 
which reflects the Violet of the third Order, 
does alſo reflect the Red of the ſecond Order 
ab may be deduc'd from the laſt Experiment, if 
A attentively conſider it: Therefore in the 
firſt and ſecond! Experiment, the third Violet 
Ning is confounded with the outward. Edge of 
_ the Tcend red: Ring, and a purple Colour is 
d yet all-the Red of che ſecond Order 
1a dot abibrb d, - becauſe the red Ring: i is wider 
than the violet one. yet 
900 >The move; the Thickneſs of « . 
e Colours it reflecłc, and different ones, of different 
rders; The violet Plate of the tenth Order falls 
in-with the blue one of the ninth Order, add 
the one of the eighth Order, and laſtly 
wick the rod one of the feverith-Qrder ; and the 
Colout of the e ee ae ee 


voc 2, 


1 | 
F in the firſt and ſecand Experiments, 4. 


1 "looks obliquely upon the Plates, ſuch as that 
made of Air, and that which is made of Water, 
del the Rings wilt be dilated as they are ſeeri more 
ely, that is, in that Motion of the Eye 


the Color the Plate in a determinate Place is 


chany'd; yet the: Dilatation is greater in he firſt 


902 Experiment; which proves, that the Colour is 
£2 more chan d by rhe Obliquity of the Rays, ah 


Plate be encompaſs'd with a denſer Medien, 
it be enclos d by a rarer Medium. 
ae XVIII. Big. p.] The Demonſtration of 

which-Propoſicion is eaſily deduc'd _ the 
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any. Laws of Refraction. Let L and be thin Plates; 
ye. che laſt encompaſs d with a denſer, and the firſt 
t are with à rarer Medium; let them both be of the 
ſeen © fame Thickaeſs : It the Rays AB, ab, equally 
ſang © inclin'd to the Plates fall upon chem; there wil 
Ging be at L 2 Refraftion towards the Perpendicu- 
late lar ;“ on the contrary, at / the Ray is refracted * 624 
der, from the Perpendicular ;* and tho "BD: and bd 623 
der, are equal, bc is longer than BC; and therefore 
it, if I there is @ greater Change in the Motion! of the 

the Light in the Plate 4 than in the Plate L. | The 903 
iolet I Den/ity of the Plate L being 'encreas'd, the Modium 
ze of (il with anhich it is auto, d remaining the ſame, there 

+ vil be @ leſs Difference N BC and B, 

and therefore a leſs c of Colour; and if the 904 
iefralting | Power f the Phu be ſorencreas'd;; that 
the pefracted Rays (whatever be the, 
of the; incident ones) ſhall not ſenſſbly differ, 
there-will. le no ſenfible Differeuce in the Colous N 
Plate, ubateuer Situatian'the Eye is plac d in. 

Hence we may eaſily deduce, that — e 905 
aſiy / eme Y laser will wary i changing.rhe Poſition f 
the Il the Ons ng the Colour of Ig: 
e of * „ — — F A 20 — — 


* * 
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C HAP. XVII. 
* the Colours of Natural Bodies 


WHAT Süsdes be the Golling uf W-forts 

of Bodies may be eaſily deduc d, from 

W been hitherto explain d. GO 

'We have ſhewn that the Rays of Light have 

Colours peculiar to themſelves and unchang geable, - 

ſo ag not to be chang'd by  Reflexion®. 1 883 
Therefore the Rays reflected Na, ac 906 


urding a: 4 greater or leſs Rafraugitelity;' is proper 
to the Colour 7 the Body itſelf, have a g os befs 


bil. 
"rang 2 Repos 


eee ae. Book Ill. 
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eee, i . 
two ſquare Pieces of Ribbon, the one 
and the other Violet, which muſt be join d 


* 


4 


ſo as to touch one another at their Sides, in che 
ſame r:/a$ the red and violet Colours in 
8 the Expetiment of Chap. 19. The black 


= Paper malt de ſo plac d, that the Ribbons may 
be wellienlighten'd by the Li ght that comes in- 
a 7 to the Room thro” the Window: If a Spectatot 
£2 Jooks at theſe Ribbons: hre a Priſm, as in the 
Expetiment above mention: d, the Colours will 


a appear ſeparated e ee 
25 K | e 1257 (134 20 In Cob, ip 
$9 » "Toft A) 2}: Fi 3 


3 wo i, NEN Fg e Place the 
two — d in | the. former Experi- 
ment at Rand V; let the laſt be violet, the firſt 
red; let them be cnligtiten'd by the Flame of 
2 Candle; at ſix Feet diſtance place the con- 

ven Lens V; (of which mention has been made 

in Exper: 6. Cap. 19.) at the: Diſtance. of about 
fix Feet, you will have the Repreſentation of 

the Ribbon R upon a white Paper at 7; at a les 
Diſtance you will have an exact Repreſe: entation 

the other at v. You may determine when the 
preſentations are exact, by binding black 

Threads upon the Surſace of the Ribbons; fot 

theſe Threads appear: Godly, She che oF 
preſentation is exact. 

907 That Bodies. have various Colon, * life 

rent Rays are reſtected from Bodies differently colour d: 

and that a Body appears of hat Colour, which ari- 

ſes from the Mixture ＋ the reflected Rays, may not 

only be deduc'd from the foregoing Experi- 
ments, but may by alſo r ere 
by others. 
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* SIR SOM! $3) 2 9 57815 77 Juin 
- Experiment 3.] Take two Bodies of any Kind; 
the one red; the other blue; let them be en- 
lighten d ſucceſſively in a dark Place by the Co- 
lours of the colour d Image, which is made by 
the Refraction of the Priſm; every one of the 
Colours will be reflected by both; but the red 
Rays are copiouſly reflected from the red Body, 
whilſt the blue Body reflects but few hof them 
which plainly appears by comparing both Bo—-— 
dies, when they are enlighten'd by the red; the ' *© 
contrary may be obſerv d in blue Colours, which 
are copiquſly reflected from the blue Body, whilſt 
only a few ate reflected from the red one. 
The Rays which are not reflected from a 
Body, penetrate into it, and there ſuffer: innu- 
merable Reflexions and Refractions, as we have 
explain d between N 842, and 843; till 4 
length they unite themſelves. to the Particles” of 
the Body itſelf.“ Therefore a Body 'grows:hit ſo 9346 
much the ſauner, as it reflects Light hes. copron 908 
For which reaſon a white Body, which reflects al gg 
moſt all the Rays with which it is enlighten d,“ 6% 
beats the ſloweſt,) whilſt a black Bbdy, into which 
almoſt all the Rays penetrate, becauſe only few © 
are reflected,“ acquires Heat. ſooner thun any other. , 843 
To: determine that Conſtitution of the Sur- 
faces of Bodies, upon which their Colour de- ; 
pends, we muſt take Notice of the ſmalleſt Pais 
ticles, of which theſe Surfaces are made upp; 
theſe Particles are tranſparentꝰ; and are ſepa- 84t 
ted: by a Medium of a different Denſity from 
the Particles themſelves;“ they are alſo thin; 843 
otherwiſe the Surface wou d as it were be co 
rer'd by -a tranſparent Body,“ and the Coldut 843 
vou d depend upon the Particles: under theſe. 
Therefore in the Surface of)every colour d Body xf 
dere ate innumerable ſmall thin Plates; bu by 
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leſſening the Flate, keeping the ſame Thicknels, 
its Properties, as to the Reflexion of Light, #e 
not chang' d; for the leaſt Plate, ih reſpect 
the Rays of Light, is very large WI 85 
what has been demonſtrated in the preceding 
Chap. may be applied to theſe: — in the Sut- 
faces of Bodies. From henne u deduce the 
following Qoncluſignger 7 | ( IA; 
910 Tube Colnr F @ Body depends upon the Nabaß, 
7 517 4 Deny of the Parts of the Buy, uy are in 
911 ze Surface, berween ¶ ¶ Pore ¶ the Bod). 
5 The Colour is ſo much the more ui vid and Home 
goo. Jeneous, as the Parts are thin. x 
912 Czteris paribus, the aforefaid Party are of the 
| * 396 gere Thickneſs whou the. Naeh dd and of ft 
11 ben wiolor* wo T1 3 
| 93 be Parts of Bodies are wg fer than th 
= "Medium comain'd'in theit. Air ſtirrs. Nack L* 144 ; 
90%. This Denfity ts deſs in the Tals of Pexcocks and 
14 in ſome Silks, and in general in 1 all. Bodies; whoſe 
* 901, 2 varits andi 16 he d feen. See fg g 
233 „ ot 353 1 COOLER e 
915. The: Colour of a Body in more obere xd darker, 
*391 whewn Aer Me \ enters 3ts Phres ;* for the 
the! Parts upon which its Cotout depends, ate 
| ſurrounded by a denſer Medium than before. 
We experience this in all Bodies which are 
chocoughty e ee by Water and Oil: When 
eie Bodies are dry; they! recover: their former 
* * Colout, unteſs in A Io in Which, ford] 
Parts are carried 'away by the Action of th 
Mater ot Oil, or when ſome Phrts of the W. 
ter dr Oil are ſo united with che Parts bf th 
Hoa, as to change the Thickneſs of the Plates. 
% Bron ſuch 2 Caiſe are deduc d the Charige 
in rhe Colours of ſome Liquors, by their bein 
” min d with others. Often rhe ſaline Particles fim 
Ls e Liquid, unite as wy 
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Partichs ſwimming in anctHtr ; or the tnited Purti- 

cles are ſeparated ' by the A ion, of others that | arr 

ſuper-added ; on all which Accounts the Thickneſs 

ot the Particles rs chang « d, and together with it 

the Colour of the Liquids* * 
* Sbwetimes the Colony of a Liquid is different, when 915 

ſeen by reflected Rays, from what it is when ſeen by 
tranſmitred ones : We have ſhewn before whence _ 

this ariſes/*- MI ; 


Experiment 4.) An Infuſi on of Lignum Nephriti- 
tum, that is not too much ting d, if we blue 
by reflected Rays, but yellow; it the Phiol 
which contains the Infuſion be plac d between 
the Light and the Eye. 


Experiment 3. ] If you pour Spirit of Vinegar 
into the Infuſion of Lignum Nephriticum, it will 


appear yellow in any Poſition whatever. 

In this Caſe the Thickneſs of the Particles i is 
chang d, and the Rays that were tranſmitted thro! 
every one of them are nowiatercepred ; but tho 
the Liquor is plac'd between the Eye and the 
Light, it is ſeen by reflected Rays; for we may 
eaſily conceive that ſuch Rays come to the Eye 
| by the various Reflexions which the Light un- 


| dergoes in 8 But chis Colour only is 
| enfible, becauſe 


Rays eatmot penetrate di- 
tectly thro the Liquid. 

From this 22 may deduce the reaſon, why 4 918 
tolour d Liquid, in a 4 laſs of the Eigure of an in- 
ivy Cone, if it be plac'd between the Eye and the 

1 ars of a different Colour; in different P arts 
2 . F in the lower Part all the Rays Whie 
[are tranſmitted thro? the Particles are not inter 
Icepted ; then they are more and more intercepted⸗ 
[according as there is a greater Quantity of the 
[Liquid between the Eye and the * till at 


Vou ll, L 1 | | 7 letigth | 


148 Mathematical Elements Book III. 
length they come. to be all intercepted ; and on- 
_ ly. thoſe Rays which are reflected by the Parti- 
dles penetrate the liquid; in which Caſe the Co- 
Jour coiocides with the Colour of the Liquid 

3 — by the reflected Rye. | 
919 .. Cbuds often appear very beautifully colour'd; they 
- conſiſt of aqueous Particles, between which Air 

is OT 


terſpers d; therefore, according. to the various 
920 Thickneſs of thoſe aqueous Particles, the Cloud will 
*888 be of a different Colour.“ „ 
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jt PA RT I. of the Men U the World. 
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4 general Les 0 f the Planet Gen 


N E. *ho- attentively; conſiders that * 15. 

Space can be terminated by no 

* Pounds, will ſcarce be àble to 

| deny, that the Supreme Almigh= 
— ty Intelligence, has every whete 

ntnifeſted: the fame, Wiſdom which He has 

en t che Inhabitants of the Earth in a ſmall 

Ne MS .- ompaſs. 


130 


* 4 
* 


| 921 


have no Knowledge of any more) moves in a 
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Campals.. What. I here call a (wall Compal; 
immenſly exceeds our Comprehepfion ; yer it is 
but ſmall, compar'd with infinite Space. 


Jur Earth, with fixteen other Bodies (for we 


- : * — 
A * _ « | — * 


determinate Space ; neither do theſe recede 


| _ - 3 * beyond x 
72 yo an otions 1 i 
formed according to unchangrable Laws. Ly ; 
Der INI 110N TI. 1 

This up ar a 4 Seventeen | Bodies is call d the 


922 


| —— mo conſtitute the Univerſe are too far 


. 
* 
| 92 . 
* 


0 


Ai 


and of thoſewnly 
which are "as oh. diſtant from us than the reſt ; 


rt of Aftrontmy is almoſt em- 
ploy d concerning theſe alone; and theſe will 
chiefly my Subject in chis Work: The other 


m As; 1 den Kdt 

— Feat r our Obſrvatipn OF 
only the lucid Bodies can be perceiv'd by us; 
the more cemarkable oe wa 


f 
f 
8 
s 


even moſt of fuch as are 1 by the Tele- 
Fope are Wein to the naked Re 


u ede = It 

All thefe Bodies are call'd If Nr. 
They are call'd fix d, becnuſe as far as can 
be perceiv'd, they keep the ſame Poſition with 
2 to ode another: We mut talte Notice of 

ä —— concerning theſe hereafter. 
as to the planetary Synem: n this we 
* orgs — Boakies, which are 

ſpherical : Ane ſhimes by its un Light, the” re 
9 and ee il lat ub 

che borrow from thas. 

e Sue i2 tha lucid Bey, rural 
dll 


Eg Cone . A Üôů . e Aw ut. Rs Som. 
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bolt Ae of n, at leaſt is E 2 „ 


Motion. 10 131930 


Der1xirion III. 
„ The other ſixteen are call'd Planets. i +7 926 
* Tbeſe are divided into two, Claſſes ; fix are-call'd 
: the Primary Planets ; ten are cad the Secondary 

Planets. \ When we "ſpeak of the Planeta with- ; 
ber out any Diſtza@tion, We Dre underſtand. the 
| Primary: ones. | 1 $5 

The Primary D moue WET the Sun, tadiarh 927 
carried at different Diſtances from it, enn 
that return into themſelves. 
A Secondary | Planet revolves round a primary one, 928 
bem. Ne arg it in * Motion round che +72 

- The Planets in eheir Abri, deſeribe Eliuic Line 929 
not much different from Circles.” Au all 
Lines are fix d, at leaſt, there is but a anal 
Change to be ber d in in a long Time, in their 
le XIV; By. 3 Am Eltipric L is 3 

Plate 0 PIs 30 
form d, if Thread, e Extremities are fix'd 
in the two Points F and J, is mov'd, remain 
ing ſtretch'd ; 3s js to be ſeen in this Figure, in 
which the Thread is repreſented at F df, EE,. 
F-Bf. The Points F, ate <calV/d' the Foci; 
the Line Au, which paſſes thro" them, ind is 
terminated on each Side by — 8 


of the Ellipſ; 1 the nl _ it 

is the Brea ne that 5 
Elipſis. —— — 15 eie 
the Center of the Ss of _ the offer Axis 


Dad falls C | Point 

the gr . ate | T 4 thr 7 o' this 3 

Af e ere 
41 P hn one of their 0 

their Center of ge Sun; let the Ellipfe A DA 


Ls. repreſent 
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or gte Þ he 
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Mathematical Elements 
repreſent the Orbit of a Planer, F _ be che 
Center of the Sun. 


8 enn 

The Diftance bettueem the Center of the Sun, and 
ibe Center of. the Orbit, is calf d "the Excenriciy of of 
the Planet; as FC. 

in euery Revolution NY Planet approaches once ta 
Se and once recedes from it; and at its great- 
eſt Diſtance is ar a, the Extremity of the greater 
Aris of the Orbit, and at its leaſt en 


the oppoſite Eaeremity A. 70 1b 2 


wy 


\1 
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l Diflance of the Planet from the 1 ic called 
the Mean Diſtance, which is equally different from 


the: greateſt and theileaſs; "At this Diſtance the 


[ou Planet'is\inthe. Extremities D, % * * . 


10 Li = 2 1 2; 


5 5: 

113 1250 1 001.5 
bie en oY 

275 Thi Point of the Orbit in which"the Planet is at 


 W-yreateſt, * from the on Ly calf 4 . A- 


j A8 4. 
1 "97 81 214 1991. 20 
Ja; 1 85 1 Vn. 

Ar "Point! of abe On, in which the Shay br a0 
it leaft Diſtance a * Sun cad. the ne 
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Every Orbit is in a Plane which paſſes thro' the 9g 39 


-- 
"OY DIN 1110 N ö 


The Plane of the din of the Earth is ar the 949 


Plane of the Ecliptic. 

This Plane is to be continued every wa 
and. Aſtronomers conſider the Poſition of the 
Planes of the other Orbits with reſpe& to this. 


DEFINITION XI. 


| The Points in which the other Orbits cut the Plane 


f the Ecliptick are cal'd the Nodes. 


VS Drin 1110 XII. 


* The Line which ow 
is, the common SeQi 
bit with the Plane of the Ecliptic, is cal d the 
Line of Nodes. 

Planet is nat carried with an equal Celerity in 
af the Points of its Orbit; the leſs it is diſtant from 
the Sun, the ſwifter is its "Motion ; and the Times in 


ns the Nodes of any Orbit, that 
on of the Plane of the Or- 


941 


which the ſeveral. Arcs of its Orbit are run thro”, are to 


ne another as the Area's form'd by Lines drawn from 


the Planet to the Center of the Sun; the Arcs AB 


and aE are run thro in Times, which are to one 
another as 2 Area's of, the mix d rn 


thr Mates : in their Orbits is cantrary-to that 
wings we obſerve daily in all the Czle- 


ies, by which in one Day they ſeem to 
by eat round the Earth ; of which hereafter. 


pry 8 \DzrrnicionN XIII. 


fp] 


Dur 


© $$4+8 


All the Planets are carried the fame way, and 


Mien, fuch as is that of the Platirs in their 
ole. e e and Pre. 


946 


be e ne. e 
947 The coutrary Motion # call d — in "Ante 


cedentia; and ſometimai Rett EL 
948 The' more diſtant the Plane: br ” 
the move in their Qrbits ; fo that the 
ind org THR of the moſt diſtant ones 46 
greater, both, becauſe they have a greater Or- 
bit to run thro', and a ſlower Motion. 


| DprinirioNn . 
949 © The Tine which paſſes thre! the Center of the Plu- 
net, and about which it modes, is call'd the Axis of 


» — * 


7 959 The ke at laſt m moſ of them, and, the Sin 


Web, in this reſpe&, ; con d make no Ob- 
 ſervarions, but which in Ut Probability Have this 


Mation are tes with the 
FCC 
„ n 3 7 "ny 
yes a pay 
W A an the Foy, 24 het AYE IT a 
Eager hag equal and fimilar Lines. 


Der rv21 #168 KV 
34 2. Spun of the Axis are call the TY 


of the Planet. 
oO 1.J "Aftcanomery compareę to- 


954 Plate 3 
| gether 4 e ely. enough the Diſtances A the 
anets From the Sun, 
Ply Di 


hole Syftem. imenſions of che Orbe 
are 38 dhe Roger RS the 
8 ark N. N — the es * each Orb * 


f e the 1 
s of 1 Sflem a 1 th 1221 bow En H- 


4 of tbe Earth ; 'for no Aſtronomer will * 


0 give us an Idea of the 


KFS S 70 


reg 128 C22 


„ „ an ' ad tw 4 Hen % © 
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IV. Sek IV. of Natural Philoſophy. 
Int the Obſervations made concertting ſuch 3 
Compariſon, are free from Error, 
Bot that the ſeveral Parts of the ſtem may 956 
be compar d together; we ſuppoſe the middle 
Diſtance of ehe Earth from the Su 855 divided i into 
1900 equal Parts, which we make uſe of i in 
meaſuring the other Dimenſſons. 
The Sun ©, as was ſaid before, i is a gitated 9 957. 
a ſmall Motion in the middle of the Siem; _ 
i hoves round its Axis in 1788 e. of 25 
Days : And its Axis is inclin'd to rhe Plane 
5 Feliptie, making an Angle of 87 Deg. 39 


Mercury 5, is the teal diſtant from the Sun of g58 

any of the Planets; its Mean Diſtance fro 

the Sun is 387, its Excentriciry, 80, the Tnclf- 

dation of its Orbit, that is, the Angle form ' d 

by cke Plane of its Orbit with the Plane of the 

Ediptic is 6 Deg. 52 Min. it performs its Re- 

yolution round the Sun in 87 Days, 23 Hours. 

The next is Venus 2, whoſe Diſtance from 95p 

che Sun is 723, Ks 1 the Incli- 

nation of irs Orbit in. It per- 

forms its Periodical 34 ns "Days, 17 

9 and i — 0 round its Axts is per- 
rm'd m 2 $53 Q 

| The pris pawns Planer, in auler from the Sun, is 

ples our Earth' O; its Mean Diſtance: from the * 

„Laa is 1000, irsExcentricity 169: Ix is moy d in 

70" che Plane of the Ecliptick ; its Periodical Time 

77. 9365 10 5 Hours, 5 Min. and the Motion 

about its Axis is perform d in 23 Hours, 56 Min. 

4 Seconds. its Nis makes an Aßgie with the 

Plane of che Ecliptie of 66 Deg, g. Min. 
The Mean Diſtance of Mur d from the 961 

Gan is 1524, its Excentricity 141, the Tniclination _ 

of its Orbit 1 Deg. 52 Min, Its Periodical ** © 


Time 686 Days, 23 Hours, fes * 


6 
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962 


Mathematical Elements Book IV. 
12 its Axis is perform d in 34 Hours, 40 


Jupiter u, the biggeſt « of all the Planets is di- 
ſtant from the Sun, at a Mean Diſtance 5201, 
its Excentricity 250, The Inclination of its 


Orbit 1 Deg. 20 Min. The Periodical Time 


4332 Days, 12 Hours. And its Revolution a- 
bout its Axis in 9 Hours and 56 Min, 

The Mean Diſtance of Saturn h the moſt 
diſtant Planet from the Sum lis 9738, its Ex- 


| ccnrricity, 3473 the Inclination of its Orbit 2 


1271 


30 Min. The periodical Time 10759 
* 7 Hours. It is encompaſs'd with a Ring 


Which does not touch the Planet, but never 
leaves it; This Ring is not rite without 2 


Teleſco i * 

The Mean | Diſtance being given, if you add 
the Excentricity, you will have the greareſt Di- 
ſtance; iT but you ſubſtract the Excentricity 
from the mean Diſtance, you. will have the leak 


Le 5 three Planets, Mars, Jupiter, and Saturn, 


* which are 9 75 diſtant from the Sun than the 


855 


966 


adv 


* 944 Supe" mT ol” mit - r 10 0 271 


are call d the Superior Planets Venus and 
1 are call'd the Inferior ours. 


Of the _ Planets, three, are accompanied by 


coudary. one 

Fi we © Plans call'd Sardllites, move about 
ada hone 50 4. one about the 

7:3 


54 of 10.2 
2 except the Moon, ar 
e Pa aked Eye. bs ied 
Ide Satellites, 175 422 drawn 10 the Cee ig 


Primary Playets,. deſcribe Area's them, proporr 
oo 1 oct Tse 


472 aid of the Pri- 
mar F ChE a to the Center of * 


nos en eino r d BO na 
2 The 


ftant, or always the 
nund the Earth, neither the Line f the Nodes, nor © 
Ihe Line of the Apfides is carried in à parallel Mo- 


Book/IV. & Natural Philoſuphy,— ig, 
The Moon moves about the Earth in an Ellipſe, 967, 
ane of whoſe Foci is in the Center of the Earth; from 968, 
which-the mean Diſtance of the Moog. is 60 ggg, 

Semidiameters of the Earth and a half: Is Ex- 

centricity is liable to change; the Mean one is of 

Semidiameters and a third. The Plane its 

orbit forms an Angle with the Plane of the 

Ecliptick of 5 Deg. but this Iuclination is not Ton-' 970 
ow In the Motion of the Moon 


tion; but the Line f the Nodes Weſtward, or in 

Antecedentia ; the Lines of the Apfides Eaſtward, or 
in Conſequentia ; the firſt performs its Revolution 

in about 9 Years, the ſecond in 19. The peri- 
odical Time of the Moon's Motion about the 
Earth is 27 Days and about 7 Hours; and it is 
wrn'd about its own Axis exactly in the ſame 


Time. 7 5 \ AP 3.71211 re 

Plate XX. Eg. 2.] The Firſt or inmoſt of the 971 
datellites of Jupiter, is diſtant from Jupiters 
Center 21 Diameters of Jupiter: It is mord 
round Jupiter in one Day, 18 Hours, 28 Min. 

The Diſtance of the Second is 4 and an half 
Diameters of Jupiter: Its Periodical Time is 13 
Hours, 18 Min. Pe eh in 

The Diſtance of the Third is 75 Diameters; 
its Periodical Time 7 Days, 4 Hours. 

The Fourth is diſtant. x2 + Diameters: It per- 
ſorms its Motion in 16 Days, 18 Hours, 5 Min. 

Plate XX. Fig z.] The Firſt or inmoſt Satel- 972 
lite of Saturn is diſtant from Saturn's Center 32 
of a Diameter of the Ring: Its Periodical Tine 
is 1 Day; 21 Hours, 18 Min. 

The Diſtance. of the Second is 1; Diameter 4 
of the Ring : Its Periodical Time is 2 Days, | 
13 Hons; i 


4 +. 
1 7 
4 


ON Ne” Fifth is 2 1 of 
ce = Tela Time by 79 Days, f 

| Hours, 3 
5 5 Concetning the Noche of dete, a: allo of 
| the. Satellites of Jupiter about their Axes, we 
can hitherto determine nothing certain from As. 
Ie Obſervations, +4. 
take Notice of che Dill andes and peri- 


Tunes of the Planets, we ſhall find that 

owing Rule holds good in our Syſtem; 

1 1 ſeveral Podies- af mov'd round the 

* | ſame, Point, that is, abt the Sun, Saran, aud 

974 «Jars; (vix.) the ' Squares. of the Periodical Tuna 

ee ebe, as the Cube of nhe Maan Dian 
cer hem the Center... 

975. 1 Ku. 4] To gie a Notion of the 
Dimenſions of the Bodies'themſcives in our 8. 
em, we have conttivd the fourth Fi 2 
all the primary Planers, aud S g. 
ſcrib d, according to their r 
whoſe Magnitude exceids All the reſt, is repre- 
ſented by the greateſt Cisale (N i Jchac is, the 
_ Ende which terminates The : 

| Theſe Dimenſious repreſent the Proportions 

. 85 ol the Bodies une 10 another. exp&tly Enough, if 

1 you except; the Earth, which, for: che Reaſon 

195 2 mentiond,* camot beſocompar'd with 

the other Bodies, as to leave no room to doubt 

1 what Prbportion it beats tb them N 

1 gs Yet Earvb's Dianceer maybe moafurd,zhd con 

| tains 3400669 Perches, each of\which is cu w 

5 12 I bur altho* ” nant w 
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boo Am. 4 of Nagel lui: 


gther, Planers maybe compar d together, and 
wich e Sun's Diameter, yet it can't be deter- 
din d how many Feet they contain, till after 
Nobſervations ſhall be made; at a proper Time 
bereaf rer. 
OF the Bodies that make up the nn 97 
8 yſtem, the Moon only. c can be compar d to the ; 
10 Diameter beihg ta 1 D.ameter of che 
. as 40 to: „ 155 

e et her id Plats are. we mnaſur'd H 976 
rabotners, but; it, can g be doubted, but that | 


ome rol them arc bigger than the Earth, 


the Bodies alteady mention d, there 979 
& others" in the; Planetary Syſtem, which) are 
rlidle; for 2 Time, a8 they come near the Som 
and then recede from it, and become inviſible ; ; 

they are call'd, Comets. They apfFar "moſt com- 980 
monly. with Tails, and the Tail is always turn d from 

the Sun ; in their Motion they deſcribe Area's, by 

+ drtxwn to. this Center of the Sun, Proportional « 
0 the Times, as has been ſaid of the Planets.* * 
4s th Comets, it is probable that they- mbue in el- 981 
lytic Orbits that m very enremri ; {6 chat they 

ate inpifible, when they are in that Part of the 
Orbit which is moſt diſtant from the Sun; which 

Wis deduc'd from the Periods of ſome of them, 

We thathave been obſerv'd to be pretty regular: 
r plain from Obſervations, that bn 982 
have deſcrib d in their Motion Portions of very e. 
re. a, i owe of "whoſe Foe? wh the Center 


"The Notion that we have hitherto! given of of 
the Planetary Syſtem, is foanded 

mical . and what we have already 
ſaid admits of no Diſpute among Aſtronomers, 
if we except what relates to the Ettiptic. Line 
and the Morion of the Earth. 


7 „ Some 


x60 Mitbematical Elements Bock! 


Some affirm that the Orbits of the Planet 
are not Elliptic, but that in their Motion the; 
x. deſcribe another Oval : Kepler.has deduc'd from 
1 Tycho Brahe's Obſervations, that theſe Lines ar 
| Elliptic; and we ſhall ſhew in the following 
2 Part, that no other Curves can be deſcrib d by 
; the Planets. 
Thoſe that ſay the Eatth is at teſt, have n 
Aſtronomical or Phyſical Argament for a Four- 
dation of their Opinion; that is, don't teaſon 
from Phenomena · Neglecting the Simplicity of 
the Syſtem, and the Analogy of the Motions, 
they aſſert that their Opinion is not contrary 
to Obſervations; in which they err, as we ſhal 
ſhew i in the 22 Pate, = 


wick en 1. 
yy WES N the apparent Moti, 


. Jy noves, 1 
mer Chapter, looks upon the Heavens 
will ſcarcely believe, that he beholds the Syſtem 
which is explain'd there; and a more: exag 
Conſideration of the heavenly Motions will en 
98 2 , creaſe his Doubt. No wonder, fince we can ob- 
ſerve very little in the Heavens but falſe Alu 
ances. 
The common Obferver of the Heavens, is 2 
Spectator, who thinking himſelf to be ar. reſt, 
is carried about by various Motions, and be- 
holds Bodies, concerning whoſe Diſtance and 
Magnitude he makes Fall Judgments, The true 
Syſtem of the World was unknown for many 


Ages, even to che moſt exact ee of the 
Heayenz. 9 1 


9 


EC. 


2 


But 


— > — 2 


— «a == 


Book IV. / Nutnra! Philoſophy. 25 

But we muſt explain how all Things which 
are obſervd in the heavenly Bodies, have Place 
in the Syſtem that has been explain 'd, in reſpect 
dla Spectator upon the Earth; that is, we ſhall 
deduce the Appearances from the True Motions. 
Which cannot be done, unlefs we firſt lay down 
ſome general Things: 1 CURES, the apparent 
Motion in general. 

It is certain, that we have no Art, by which 
we can diſcover the true Motion, only the rela- 
tive Motion can be perceiv d by the Senſes; and 
it is that only concerning which we treated in 
the former Chapter Who can reaſonably affirm 
or deny, that all the Bodies which are known 
to us, are not cartied in a common Motion 
— — | tico' the immenſe Spaces? 

De Relative Motion is to be diflinguil d from the 983 
Apparent one; for the apparent Motion is tbe 
Change which appears to be in the Situation of 
the Bodies, and depends upon the Change o 


ov the Picture in the bottom of the Eye; for 58. g f 
wen eas have the ſame apparent Relation to e's | 
ſtem another, as their Repreſentations have in th 


23 Bye; fox they are ſeen as they are painted in te 
£323 Eye; and the Change in that Picture from the * 41g 
oy Motion of the Bodies, moſt commonly differs 
n om the Change of the Relation between the 
Pear” I Bodies themſelves ;* as follows from dhe Fortna- 
o tion of that Picture. 493 8 | 
— The Heauens are notbing but an PREY. Fpace; 927 986 : 
1 ky which cannot be ſeen; and wou'd appear black, 843 
| ah if innumerable Rays of Light flowing, from ' the 
| heavenly Bodies did not cotitinually penetrate 
cur Atmoſphere. Moſt of them come to us 
from the Bodies in tight Lines, yet a gteit ma- 
ny ſuffet various Reflexions in che Armoſphere, N 
and enlighten the Whole Atmoſphere; Which is 
the Reaſon that in the Day, Bodies re enlight- 
V OL. II. M en d, 


. 


% 


15 Mathematical Elements, Book IV. Wi; 


en'd, even without the Reflexion of the Clouds, Mc 
| to which the Rays of the Sun cannot come di- WM; 
- rectly. Yr TIO + 
2 Theſc Rays are heterogeneous and white ; for ff 
there are Bodies enlighten d by theſe Rays which Ide 
appear white: And theſe Bodies ſeen through 
Priſms, at the Extremities, are ting'd with Co- 
lours, which does not happen in an homogeneous 
* 874 Colour;“ allo a Circle of white Paper, of half Nor 
an Inch Diameter, being put upon black Cloth, N 
if it is enlighten d by theſe Rays, it will appear Nu. 
| + 86; oblong thro' the Priſm;“ and the fame Colours ne 
which are obſerv'd in the Rays of the Sun, ate 
| ſeen here in the ſame Manner; all which Things NM 
| wou'd not happen, if the Air, as many think, Mio 
| : was a blue Liquid; that is, thro'- which only Mii 
YH the Sun's blue Rays, at leaſt moſtly ſuch, paſs. 
a 987 _ When we look at the black Sky, the white Rays, 
IJ beforemention'd, enter our Eyes, whence the blue 
Colour of the Sky ariſes, Becauſe we are accuſtom d 
to ſee à Colour where there. is a colour d Object, 
we alſo refer the Colour of the Heavens to an 
Object; but ſince this is ſeen equally towards 
988 all Parts, we conceive; a, concave ſpherical Surface, 
in whoſe Center we are plac d; we imagine this Sure 
face to be opaque, and therefore diſtant from us be- 
youd all vifible Bodies. 


— a — — — —— 


When a Body is between a Plane and the Eye, 
of whoſe Diſtance we cannot judge, the Body 
appeęars to us to be applied to the Plane, whatſo- 
_ ever. the. Niſtance is between that and. the Plane; 
for there is no Reaſon why the Parts of the 
Plape, which are painted at the Sides of the I: 
mage of the Body in the Eye, ſuou d not ap 
Pear at the ſame Diſtance with the Body. 


> - 


Thepce alſo all, the celeſtial: Bodies (of which 
the leaſt diſtant from us, (via) the Moon) it 
Jet ſo remov d, that we can give aer 


989 


* 


Book IV. of Natural Philoſophy. 163 
of its* Diſtance,* are referr*d to that imaginary * 732 
Here above-mention'd ; and they all appear equally © 
bftant, and ſeem to move in the Surface of a concave 
Here. So the Moon appears to be amongſt 

the fix*d Stars, altho its Diſtance bears ſcarcely 

ay ſenſible Proportion to the Diſtance of Sa- 

un; and the Diſtance even of Saturn itſelf is 
tothing, compar'd* with the immenſe Diſtance 

f the fix'd Stars. It is no Wonder therefore, 
tat the common People know nothing of the 
Magnitude of the celeſtial Bodies, and the Im- 
nenſity of the Heavens. . 

We ſee from: what has been ſaid, how the 
Motion of wy Body being given, and the Mo- 
ton of the Earth being known, the apparent 
Motion may be detertnin'd..  . 

We' have ſaid" that a Sphere is imagin'd be- 
jond the fix'd Stars; in whoſe Center is the 
mweftaror :* The Orbit of the Earth js ſo ſmall * 988 
n reſpe& of the Diameter of this Sphere, that 
the Center of the Sphere is not ſenfibly chang'd 
bythe Alteration of the Place of the Spectatot, 
whilſt he is catticd along with the Earth. Where⸗ 
lore in all the Points of the Earth's-Surface, and at 990 
my Time, the Inhabitants of the Earth imagine the 
lame Sphere, to whith they refer the heavenly Bodies ; 

md which. hereafter we ſhall. call the Sphere of 


the x d Stars. | > . n 0 1 
eſe Things being laid down, if we conceive 991 
Line to be drawn thro' the Earth, and a Bod 

Which being continued beyond the Body, cuts the afore- 

lid * ; 155 have a Ore wi the above- 
Fenton d Body is referr'd, and which is the ap- 
ent Plate of that Body e Bas * 8 
Whilſt the Body, or the Earth, qt both are 


hen is the Line, 2 is. deſerib'd amongſt. the 
id Stars by the” Extreniity of the Line above- 


Vor. II. M 2 mention d, 


.., this Line is mov'd alſo, and the apparent 9 


| 
| 
| 
| 
| 
| 
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- mention d, which Joes thro the Earth and the Boch, 2 
2 whoſe apparent Motion is obſerv d. 

993 Therefore the fame Appearances will follow from 

tie Earth's being mov'd out of its Place, as if 1 t 
Bed) had been mov'd, and the Same alſo may be 4 
duc d from the Motion of both. 

994 But if the Body and the Earth be ſo mov d, tha 
the Line which paſſes thro” theſe Bodies be carried 
4 parallel Motion, the Body will, ſeem to be at re 

Amongſt the fd Stars; becauſe in this Caſe, the 
Space gone through by the End of the Line 
ost the fix d Stars, cannot exceed the Space 
gone thro by the Earth; but de Line that is 
equal to the whole Space which the Earth can 

o thro', at ſo great a Diſtance as the fix' 
0245 is not ſenſible to us. 

995 Fran the Metion of the Earth round its Axis ther 

s alſo produc d an apparent Motion, which will be 

eaſily dedyc'd.in;its,proper Place from the Four 

dation laid dowy in this Chapter. 
„That the, apparent Motion differs from. the 
relative, and is varied by the Motion of the 
e 15 what Aae every ey oblerre, 


| | Ar 
898 — — 2 
% 


- 


— 


OCT , 
of che Phenomens or Appearantes of the Su 


- from the ae of, the Earth in its Orbit, 
Plate XXI. 115 the Sun be at 8, and th 
Hg. 1. ] 1 Earth in its Otbit at T; and 

let r 5 be the Sphere of the fix'd Stars ; the ap 

* z9x parent Place df che Sun will be at .. Wha 
996 the. Earth is. is carried in its Orbit from T to t, f 
of Sun eem 4% Move in Conſequentia, and to ru 
#502 thro the Arc OT 1 i the Anglers 
Equal to the 4080 78 at the Celeritys 


eb aoin N. 4 14 | 1 220 


1 
I 


7 


4 1 : 


the apparent Motion of the, Sun, depends upon 

the Celerity of the angular Motion of the Earth, 

with reſpe& to the Center of the Sun; which 
Motion encreaſes upon a double Account; on 
count of the Diſtance from the Sun being leſ- 
kn'd, and che Celerity of the Earth being en- 


ied illness d: Both which Cauſes always concur;“ 94 
at refetrefore the Inequality of the apparent Motion of the 797 * 
iu & ſenſble. In a whole Revolution of the Earth,” 998, 
o v Sun alſo Seems to run thro” a whole Circle. 5 5 
N DRPINITION I. (EIN 
This apparent Way of the Sun. is call d the Eclip- 999 


ic Line. It is the Section of the Sphere of the 5 
ud Stars with the Plane of the Ecliptic, ſup- ©**©* 
9d to be continu'd to this Sphere. Ee 
This Way is divided into 12 equal Parts, each 

t which contam 30 Deg- theſe Parts are call! d 

he Signs, and are diſtinguiſh'd by theſe Names; 


m th V, Taurus &, Gemini xr, Cancer S, Leo A, 
of the e m, Libra 25 Scorpius n, Sagittarius 2,.Ca- 


atts have their Names, we ſhall explain When 
n 3 
The Sun is longer in going thrt” the fix firſt Signs, 1000 
as the fix laſt, and the Difference is nine Days. 
Altho' a Circle has neither Be inning nor 109 
nd, yet When ſeveral Points muſt be deter- 
Ind in it, ſome Point muſt be taken as the Be- 
ing; this in the Ecliptic Line is the firſt Point 
Aries; we ſhall ſhew how it may be deter- 
d hereafter. 'It is not 'fix'd to one Place 
bongſt the fix d Stars; therefore the Orbits of 1002 
Planets; which alter fo little, that they may. _ 
to tu look d upon as unchangeable, don't preſerve * 925 
ſame Situation in reſpelt of this Point. 


we. BY 


M 3 Dee1- 
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ors , Aquarius , Piſces . Whence tbeſe 
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D rINI 110 * = 
1003 | The Dian of the Sun from the fiſt Point 
© Aries, meg: d in conſequentia, bed d the Sun ſe 
Longitude. - 

1004 The Longitude of the other heave Bodies an 
. meaſur 1 after the ſame manner in the E Pics the 
1905 are referr 4 to this Li Live, by conceiving a great Circ 
te p. var the Body, and cut f he Ecliptic lang 
2 0 cularly 3 for ch e ny ng in hien the Ecliptic is 
cut by this Gele, determines the Longitude of 

the Py”. 3 


c 


CRY ee ion M0. 
1006 "The Diſs a: heavenly Body Joy FY Ear 
tic, is cal Seine. It alen ſur'd by an : 

Arc of à gicat Circle, perpendicular to the 
r ee N the Body and tbe 


dre iv. 


007. 1 we imagine a Line to go thro the OY th 
here nog cel, aud. 7 13 
cliptic, the oints in which : * ve · men 


_ 1 e, art ca d be Folie of the Eclipric 


os — 4 & = — 


@ 


2 | Di=tinrrioN \ 
1008 The Zodiac is a Zone which is imagin'd in th 


Heavens, 1 1 Ecliptic Lins cuts into two £4 
rs and wh ich, on Pe 5 Nee 


ircle parallel t to 775 ine, and eight Degrt 


8 * uy 


. diſtant from it. count; of the ſmall Incl 
nations of the Or its of the Plar ts, and th 
Ml.eon to the Plane of the Eclipticl ** Bodie 

100g of the N e TP WI thour the 2 


ac. 


r 


Dei 
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DRFPINITION VI. 


Thoſe of them that have the ſame Longitude are 10 10 
ſaid to le tn Conjunction. 


| Durrntrion VII. ha 
Thoſe whoſe Longitudes differ 180 Deg. are feid 1011 
„ in y Oppeſtiog. | 


wn 
* 


8 


CHAP. 1v. 


of the Phenomena of the Inferior planet, 
ariſing from the Earth's, and their own 


Veen, in Their Orbits. 
Plate XXI. KE T S be the Sun, AV Bo the 
Eg. 2. Orbit of an Inferior Planet; 


let T be the Earth in its Orbit; and av part 
of the e of the fixd Stars; the apparent 
Place of the Sun is v.“ « 
It from the Earth there be drawn to the 
Orbit of the Planet the Tangents TAa, TB, 
it is evident that the Planet, in its apparent Mo- 
tion, is never remoy'd farther from the Sun, than 
the Diſtance va, or vb; and that the 2 


accompanies it in its apparent Motion ro 
2 Earth. 


991 


Derr 8 6 1 


| The apparent Diſtance of the Planet from the Sun 1012 
if call'd its Elongation; va or vb is the greateſt 


Elongation This varies upon two Accounts; 1013 
(viz.) becauſe the Earth and the Planet both re- 

_ in elliptic Lines.“ ar WP 

he Planet performs its Motion ſooner than 10 14 

the Earth ;* therefore, in its Motion, it paſſes be- 948 
ves the Earth and the Sun, and then moves be- 
M 4 youd 


N * * 
* 
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ond the Sun in reſpect of the Earth: So that it is in 
Conjunction with the Sun in two manners, but never 

in Poſit ion. et e Ab 

Iunat we may have an Idea of the apparent 
Motion of the Planet, we muſt conceive the 
Lines T Bb, T Sv, TA a, to move along with 

the Earth; ſo that the Points A, V, B, and v, 
w hilſt the Earth performs its Revolution, may 
run thro' the Orbit of the Planet; but the Pla- 
net, which moves ſwifter, paſſes ſucceſſively 
thro' theſe Points over and over, 

1015 When it is carried in its Orbit from V to D, 
it ſeems to move amongſt the fix d Stars from 
y to d; in this Caſe, the apparent Motion is in An- 

106 tecedentia, and the Planet is Retrograde. In P it 

is ſaid to be Sationary ; becauſe it appears, for 
ome Time, in the ſame, Place amongſt the u d Stars: 
This obtains, when the Orbit of the Planet, in 
the Place in which the Planet is, is ſo inclin d Ml « 
to the Orbit of the Earth, in the Place in which 

; he Earth is, that, if the Line : d be drawn pa- b 
rallel to the Line T D, and at a ſmall Diſtance b 
P 

\ 

n 


| 


from it. Dg be to Tt as the Celerity of the Planet 

in its Orbit, to the Celerity of the Earth; theſe 
; Lines arg run thro in the ſame Time;*. and the 

Line which is drawn thro” the Earth and the 

Planet, is carried in a parallel Motion; for which 

Reaſon the apparent Place of the Planet is nor 
* 994 chang d.“ | . 


Between d and B the Orbit of the Planet is 


n 


800K IV. ef Natural Philoſophy, = 
becomes greateſt, when the Planet is at B. 
Whilſt the Planet goes thro' the Arc By, its 


parent Motion is alſo in Conſequentia, and ex- 


ceeds the Apparent Motion of the Sun, to which 
it is coming, and then goes beyond it, receding 
fom it, till it comes to A. Between A and E 


o E n 
1 1 
169 . 


the Motion in Conſehuentia is continu' d; but the 


dun, whoſe apparent Motion in this Caſe is 
ſrifter, as has been explain d concerning the 
Arc d B, comes towards the Planet, and the 


Elongation is dimini{h'd.” At E, in the fame 1018 


Manner as at D, the Plaues is Stationary,” between 
E and V it is * Retrograde. 


The Orbit of the Planet is inclin'd to the 


plane pof: the Ecliptic ;“ therefore ĩt does not * 958, 
ſem to move in te Echptic Line, but ſometimes 959 


leſs; ſometimes mote diſtant from it; and appears 
u be carried in an irtigular Curve, which ſometimes 
mts the Ecli e 202 27 371090 2 4 
Plate XXI. Fig. 3. Let N VN be the Or- 
bit of the Planet, whoſe: Nodes are NN; let 8 
be the Sun; Tr the Orbit of the Earth in the 
Plane of the Ecliptic'; the Earth T; the Planet 
V. If VA be imagin'd to paſs thro” the Pla- 
net, and to be perpendicular to the Plane of the 
Eeliptic, the Angle V TA, or rather the Arc 
which-meaſures ir, is the Latitude of the Pla- 


net: This is call'd the Geocentric Latitude, to di- 


ſtinguiſh it from the Latitude of the Planet ſeen 
from. the Sun, which is call'd the Heliocentric La- 
titude, and is in that Caſe the Angle VS A; 
here we ſpeak of the Geotemric Latitude, becauſe 
we examine the Phænomena as they appear from 
the Earth. 1 1 N 


1006 


Ecliptic Liue; and the Curve, which is deſcrib'd | 


by the Planet, by its Apparent Motion in the 


Lodiac, cuts the Ecliptic Line; at the Planet 1026 
180 recedes 


170 
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which. is alſo different; according. tothe Situation of 
the. Karth ; ſo the Plapet remaining at V, the 
Latitude is greater if the Earth be at T, than if 


it was at t. Now, if the Eatth remaining in 


ry 


_ _ We, diſcoyer alſo; ſome remarkable Phæno- 


the Earth, A, B, C, v, D, E, V, an inferior Pla- 


its Place, we imagine the Planet to be carried 
from V to v; the Angle v TB will be leſs than 
the Angls V TA upon à double Account, from 
the Planet coming nearer. the Node, and the 


Spectator being mov d farther off. 


Now, if we conſider that both the Earth and 


the Planet are continually mov d, we ſhall cafily 
conceive that the Latitude is chang'd every Mo- 
ment from each Cauſe; which fometimes act 
trariwiſe, and ſometimes conſpire in encrea- 
ag and diminiſhing the Latitude; whence it 
neceſſarily follows, that the Apparent Motion 
is perform d in an ixragular Curve, which, as 
was ſaid before, cuts the Ecliptie xs often as 
the Plapet paſſes the Node, that is, twice in 
each of its 1 . this Curve alſo does 
not recede from the Ecliptie, on either Side, be- 
yond certain Limits in the Zodiae. 


mena of the inferior Planets by means of the Te: 
leſcope, which axe owing to their Opacity. 
Plate XXI. Fig. 4] Let S be the Sun, IT 


t, ex. gr. Venn in its Orbit. This Planet 


ines with Light borrow'd ftom the Sun, and 


that Hemiſphere only which is turn d to the Sun 


is enlighten d, the other Hemiſphere is inviſible: 


Th that Part only of the enlighten'd He- 


miſphere which is turn'd to the Earth, can be 


_ ſeen from it; in 'V the Planet cannot be ſeen; 
in v it wou'd appear round, if the Sun's Rays 


did not hinder it from being ſeen. 


. 
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Going from v the Planet continually deereaſes; 3 102k 
Hir bes the F. te d; at e and F it is drawn, 


as it appears at E and F, and continues to de- 
Safe, till it vaniſhes at V, and then again encrea- 
ſes ſucceſſively, changing ng its Fi ure, till the whole 
of ret Hemiſphere be turn d towards the 


rth. 
ew ol the Node is at V, or near it, the Pla- 1022 
iet appears in the very Disk of - the Sun, and as it 
were apply d to it, and is obſeru'd as a black Spor 
dae moves on the Sun's Surface ; ; in this Caſe, 
y ſpeaking, we don't ſee the Planet, bur 

3 perceive where it intercepts the Sun's Rays. 

- The leſs diftant 1 * Planet is from the Earth, the 1023 


greater it appears,* wad the more lucid ;. but as it, 733 
E EA : 


comes * 25 t rth, the lucid Part that is 
Ulle is leſs, ſo that on one Account the Lig 
encreaſes, and on another it is diminiſh'd ; 


there js a 6. ice 4 at which the Oe Light is 
gra. * 


— — 
— * 


c HAP. v. "tired 


Oncerning the Phenomena of the Superior 
Planets, 7 ariſing from their Motions and the 
e of hg Earth in their reſuedtiue 

Orbit es; | 


T H E Apparent —— of the Superior 
t 


Planets do in many hings agree with 

has been explain'd in reſpe& of the Infe- 

* Planets, and in ** Things diſagree. They 1024 
do not akvays accompany the Sun, but are often ob- 

fay'd in Oppoſition ; but in their Oppoſition ( as 

has been ſaid of the Inferior Planets ) they do nat 1025 

akvays ſeem to be 2 in Conſequentia, but often 


appear Stationary, aud often Retrograde. 
"I | Plate 


1 _ 4 — — 


— 3 8 — 
2 — —U—U— — = — 
- — 
* = 
. 
.* » Fe 
* 
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1046 "PIs Fg. 1 -] Let M be a Superior 


Aa - a4 
g 1 
4 


Plan; for Exattipie, Mars in its Orbit, A THE 
the Orbit of be Earth. The Periodical Time 
of the Earth is ſhorter than the Periodical Time 


* 948 of Mar f therefote the Earth in its Motion 


goes berween it and the Sun; in which Caſe the 
Player appears at E, amongſt the fu d Stars op- 


© i pofite to the Sun. Thro M draw the Lines B M, 


A M, that touch the Eatth's Otbit, which be⸗ 
ing continued, go to G and D in the Sphere of 
the fix d Stats. Let us imagine, that whilſt the 
Planet is carried about in its. Orbit, thoſe Lines 
are alſo moved; ſo that the Points A and B, in 


- - which the Lides that go thro* the Planet touch 


the Orbit of the Earth, perform a Revolution 
in the Periodical: Time of the Planet. Now 
= the Earth revolves faſter, it paſſes thro' the 

ts A and B in its Motion. In this Motion 
the Apparent Place of the Planet ſeen from the 
Earth, is not remov'd from the Place of the Pla- 
det ſeen from the. Sun beyond F D and F G. 
Let T be ſuch a Point in the Ocbit of the 
Earth, that the Line tm being drawn, may be 
parallel to TM; let It be — Mu, as the Ce- 
lexity of the Earth, to the Celerity of the Pla- 
net; in which Caſe theſe ſmall Lines are gone 


5 thro' in the ſame I ime; in the mean Time the 


994 Planet ſeems to be at reſt, * and is ſaid to be 


Stationary. In the ſame. Manner i it is ſtationary 
when'the Earth is at H. In the Motion of the 
Earth beta een T and H, the Planet appears to 
move in ' Antecedintia from E thto F, and is ſaid 


to be Retrograde; whilſt the Eatth goes thro 


the reſt of its rbit, the Planet is direct. 


bony. The nomena which relate to the Lati- 


tude are like thofe which have been ce in 
* s reſpect to the inferior Planets.“ i 


1 by as * 4 4 10 \ a * 
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the Earth at a great t Diſtance; wherefore almoſt 
their whole Hemil pheres, which are enlighten d 
by, the Sun, are viſible from the Earth; and 
therefore theſe Planers always appear round. .. 

Becaule Mars is leſs diſtant, it appears, a litle 1029 
gibbous, berween * eee and Oppoſition 0 
e | 491 Home 


3 Ss * 


Concerning. the Phenomena of the Satellites; 7+ 
ee their Motion in their Orbits. M here 
we ſhall Heat of” We 2 of rhe Sun 
en. rern 


1 77 E Satellites ef Jupiter 2 Saturn do a 1030 
ways accompany their Primaries in their Mo- 
tian, e neuer appear to recede from them beyond cer- 
tain, Limits on either Side, which may be eaſily de- 
termin d from their Diſtances from their, Prima- 
ties; and they are alternately carried in Antecedentia 
and in Conſequentia. Sometimes all of them are 
on the lame Side of the Primary: Planet, and 
ſometimes the Primary is obſerv d to be between 
them; they are all always in the ſame Right: Line, 1031 
or. Very. little diſtant from it. All. which Things 
may be; deduc'd. from, this, That the Motion 
about the Primary Planets is perform d in Planes 
that make ſmall Angles with one 2009s an 
with the Plane of the Ecliptic. E 


All che Satellites Saturn or Jupiter are not 1032 


viſible at the ſame time; Sometimes hey are hid 
9. W Rs and often immers. 41 in i 9. 
* "Dirinirion ot 2 - ende 

* KI. Fig. 21. Such an Immerbg on 381933, 
the Shadow. is call'd E. Eclipſe of ,the Satellit 1. 2 


93361 2 


a 1 
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Jupiter and, Saturn encompaſs the Orbit of 1028 


c HAF. Vr 


| 

8 | 

I 
1 
{| 

1 
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| 

| 

1 
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+ -* Ter Sbe the Sun, Tr the Orbit of che Earth, 
1 Jupiter, M the Orbit of a Secondary of Ju- 
iter. Whilſt the Secondary moves from M to 
m, it undergoes an Eclipſe; and not being en- 
lighten 'd by the Sun, becomes inviſible. If the 
Earth be at T, the Immerſion into the Shadow 
iv" eaſily obſerv d; on the contrary, the Im- 
merſion is more ſenſible if the Earth be plac d 
88868. — N 6 C Des ca | 
1034 Amongſt the. Bodies that accompany Saturn, 
*g63 We have ſaid that there is a Ring; concerning 
which'it-is to be obſferv'd, that an Obſerver upon 
the Earth never ſees it wider than it is repreſented 
in the 4th Fig. of Plate XX; and that ſometimes it 
is invifible ; namely, when the Plane of the Ring, 
being continued, goes thro the Earth; for the 

' - Thieknefs of the Ring is not ſenſible. The 
Ring alſo is invifible, hen its Plane continued 

paſſes between the Earth and the Sun; for then 
the enlightemd Surface of the Ring is turn'd 
from the Earth; in each Caſe Saturn appeatt 
round, yet in the laſt Caſe, by reaſon of the 
Rays that are intercepted by the Ring, there ap- 
pear à black Belt upon the Surface of the Planet, 
Ie that Which is occaſion'd by the Shadow of 


14281 the Ring: by SIPS wo | i, z N * * 
he Pliztomena of the Earth's Satellite, 
namely of the Moon, are very remarkable in 


| to us, and! therefore partic cutatly to be 


euplain d. 9 | 

1035 It is very often in Conjunction with the San, 
"and as often in Oppoſition to it, but not at every 
Revolution of the Moon in its Orbit; for whilſt 
the Moon, after one entire Revolution of 27 
Days and 7 Hours, returns again to the Place 
amongſt the fix d Stars, in which it was in Con- 
*: *. junctidm with the Sun, the Sun is gone from that 
596 Place, and is about 27 Deg; diſtant” from it: 

998 15 3 R there- 


1036 
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therefore the neightowring, Conjunctions are twenty 
ye Days and a half diftant from one another, 


„ Drin Ten II. „ e 4 
The Lunar Periodical Month the Tune of e 
Ieveliion of the Moon in its Orbit. 


Se da Os III. 


E he Moodn's:Synodical Month, or a Daioh 1038 
i the Time that the Moon ſpends between the rwo next 
(onjunttions with the Sun. 

The Moon is invifible in its corjunttion with the 1039 
kn, becauſe the enlighten d Hemiſphere is umd 
om the Earth. Let T (Plate XXII. Fig. 3.) 

e the Earth, N the Moon between the Sun and 
he Earth, the enlighten'd: Hemiſphere” will be 
#1 77 which cannot be ſeen from the Earth. 

Whilft-the Moon is carried, in its Orbit, from the 1040 
(mjunttion to the Oppoſition; the enlighten d Part, 
which is directed towards the Sun, does continu- 
aly become more and more vifible to the Inhabitants of 
th Earth; and in the Points A, B, C, the Mdon 
does ſucceſſively acquire the Figures S 

Ar P. in its Oppoſition with the Sun ir appears 1041 


nund, then going Ta D, E. F, it os PR 
repreſented at d, IAQ " A 


Dex IN pri dur IV. | 


ende ofthe Mou wit the $a a 1043 
e Nen. Moon. | 


After the e the Moon i is as it were 
ene wd. 


e: 0 ; | View 297 
U ell Dreibirrele V. 1 

The Op on 0 Dat ah gp 104 
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| Dzrinrrion 1 hah 
1044 7 Canton and Oppofion of a Satelite with 
* Sun, are called by the common Name of Syzygies, 
4045 A and F, the dark; Patt of the Moon js a 
ede e 


Aigen d by the Rays that are reflected 
from the Earth; and therefore it is ſeen by 


Spectator to Chbm the Sun is not viſible, that is, 
2:08 in the firſt Caſe, after. the ſetting of the Sun, 
and- in the ſecond, before its Riſe. le 


f DrrNTTIoN VII.. 

1046 len the Light the is — 5 the 
e Jo; that in reſpett 2 Obſerver upon the 
Earth th the Fun is partly.or. wholly, cover d, the Sun i 
4 an Eclipſe. 3118 264 + 

Properly. 14 5 this is an Eclipſe, of the 

. ee. on; whoſe AG Ks Shadpy.or Peng 

oh of, the, Moon f alls. N * . A nein: 

r e . 0 Fi vin” ova \ 

10 ipſe of the n the lfu * 
5 Afton | by the e Earth. au 
1048 WEE Ed le 1 the Sun ig wen ders; Ft at 
1049 The 2 chpſe 9470 a tat 2 Ti of th 

9 5 but at the Line 

1050 Yet the nee axe not eelipſed at every 

. e Niles 5h the Moon does not 

v4 5 2 e Plane of the Pape Hh which the | 

0,4 always are; Wherefore, upon 
Account . 2 Moor r its Shadow, 
at the New - Moon, often does not touch the 
Earth; and itſelf ++ the. Full-Moon kalte belid 
the Shadow of the Eartn. 

1651 But . when the Moon has no 3 or but 

very little, that is, when it is in the Node, or near 

it, at its Syzygies, an Eclipſe is obſerved ; in - - 


- eo (1 


darm. of Natal Phiofphy, 


W does not rexch the Moon 


| 


CO 3 
TH 8% 18 rere \ N 177 
V 
rety near it; and this it is that has given the 


. 


Name to that Line, . 
Plate XXIII. Fig. f.] That what relates to 


the Eclipſe of che Moon may appear the more 

plzinly, tet O O be the Way of the Moon, R 

tie Plane of che Eeliptic 3 the Center of the 

Kirth's' Shadow is always in it;“ Nis the Node* 940; 

Ae Moon'FOrdit oo: 7. 939 
If the Center of the Earth's Shadow be a+ A, 

Gs Mob "THF: es by at F wil not be dark- 


the Mpon be leſs diftant from the Node at 1053 
90 Ful Aton, as at S, the Shadow of the 
Earth js at B, and the Mon if darlen d in part ; 
this & called a Partial Eclipſe. s. 
t ppoling the Shadow at D, the Moon be 1053 
, the Nan will ze wholly darkey'd at I, it tuns 
nto the Shadow at L., and goes out of it at K; 


Ls 


ind che Eclipſe i [aid to be Totol. 


The Eclipſe is faid to be Central, when the Cemten1054 


File Moon, goes thro” the Center o the Shadow,” 
dhich only happens in the very Node N. 


We have hithetto ſpoken of the Shadow of the 
Earth ; becauſe when we mention the Earth, we 
mderſtand its Atmoſphere which is join d: to it, 
c which we have ſpoken elſe where: The Ha-“ 418 
iro of the Atmoſphere i properly confidered in Lu- 1055 
tar Eclipſe; ; for the Shadow < the Earth- itſelf. 


Plate XXIV. Fig. f.] Let T be the Earth, 
the Atmoſphere about 't FDGG 5 E The 
an's Rays BD, BD, touching the Atmoſphereg-. 
tieſe go ſtreight on, and terminate the Shadow 
of the deine out of which if the Moen 


1 
\ 


be, it is immediately enlighten'd by the Suns 

Rays, but it is not enlighten d in the ſame man- 

der all the while it is between B D and BD. 
WLIK N- The 
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1056. The Rays which enter the Atmoſphere obliquely ate 


bigger than that, of the Earth; and this Conc il oe 
does not reach quite #0. Mars,” as appears from WW n. 
immediate rvations ; but the Shadow of the Wl yi 


Atmoſphere, when the Moon in its Full is in WM 4c 


an Eclipſe ; concerning. which, ſeveral Things are 
3. 4 129 $247 as, (id $abad « 1 « 'F 
lo gt rep ror 


73 ME , FL oe, 
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Plate XXII. Fig. 4.] Let S be the Sun, T the 
rh Moon; let the Shadow of it fall upon any Plane 
ich 6H. This Shadow is encompaſs d with a Pe- 
ey numbra, for beyond L and E that Plane: is en- 
the WF lighten'd by one, entire Hemiſphere, of the Sun; 
All W Light is continually diminiſhed, and near G and 
by H the Rays come to the Plane only from a ſmall 


arc MW Parr of che Sun's Surface. 


* * 


Mis diminiſb d Light, which encompaſſes the Sha- 1060 


m which it. is obſelu d. : 


"But the. Eclipſe of the Moon is every where the 1066 
Ne. 
But when the Shadow itſelf-.of the Moan falls mY 08,1067 
/ be Tot ( 1 | 
ai 


” 
Plate Vol. II. N 2 Partial; 


Mathematical Ploments Book Iv. 


Partial ; 57 this is what happe pens 1 when we con- 

nat 4 In geerat. 

1068 But 45 to 10 e Places, ai fi "to be To- 

rat in thoſe Places mhere the Shady paſſes ;| Central, 

in thoſe Where the Center of t e Shadow aſſes, 
iat ig, where the Center of the cover, the Fun 

—  Cemer; ind laftly, Partial, where the Penugpbra or- 
ly goes zy; and E is drawn in Ng. 6. 

1069 Plate XXII. Fig, 4 The wider the Shadiw H 
is, the mare Placa is the Eclipſe of the Sun Total in, 
and the louger” is the Sun wholly obſcured. But the 
Breadth of the Shadaw is different according to 
the different 'Diftance of the Moon from the 
Eatth, and of the Earth from the Sun. 
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Book IV. 
tum its whole Surface to the Earth, now ſhews 

it to the Inhabitants of the Rah i in leſs than 

the Space of one Month. : 

Such like Phznomena ariſe Fram the Rotation of 107% 
Jupiter, Mars, and Venus, about their Axes, which 
Motions become ſenfibla, by nr the TS in the 
Surfaces of. the Planets, ; 

Whilſt the Earth is Ard round: its Ale, 


the Obſerver, Who is 6artied-'rouhd, imagines 

bim ſelf co he ge e 

r 
1. 4 "rg 'y 1244 


Pe 5. e \ 


Ne m 


0 9500 NE 


7 


* 
* 
e — 


A nity; 1114 FR 


25 erg * ten 
„ Prinz Nomi 2 
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_ 6 call 
tor. a 


the, Cgleſial ia elta! Zqua- 
In the Motion the Rant . . the the 1076 
Equator i is in of ie fince the Plane th Sus the a 
Circle is cartied by l parallel Motion, Hee 

eee 7. 


5 e 3 % ien : 
Circles doſe Slant ger the Axis of the Earth, 1977 
are calf'd Meridians. "4 
They all. paſe hy ak Poles of the Del, "and 1078 


are perp 
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| [Die in Ar ron Wal. 3 03 2 
2079 The Ru of any Meridian which 3 * 
the AEquator ever 5 end is cal the Declination 

of that Star. 
l 222 XXIII \Fige 2. ] Let an Oblerver be 
n the Earth T, who directs his Sight along 
TA; "after a little Time, when the Line T A 
ſhall be caried: by the. Motion of the Earth to 
T a, if the Spectator directs his Sight chro the 
ſame Line, the Body A will appear to Rave been 
carried thro the Arc a A; — -when the Line 
has return d to its former Situation T A, the Body 
will ſeem to have perform d one whole Revolu- 
tion. But if He directs his Sight along the Axis 
of the Eartk produit d, becauſe chats at Reſt, the 
Body which is ſeen in the . not to 
108 0 have mov d; thierefofe in the P the World the 
* 157% din a Motion i nor ober vd Bat Werther Bodies 
which are near the Poles are mod round them 
is plain; and that the Body by its diurnal Mo- 
tion deſcribes ſa _ a greater. Circle round 
_ r Pole e as it is farther diſtant 
$081 ftom it Therefore We whole Sphere of the fix'd 
Stars" feems"vo +#vlos" about" the Axis" of the Earth 
comim d, in Ante ecedentia, in that Time in which 
the Earth tall uri about its Axis.» Therefore 
the diurnal, —— is mon to an the. the Cale- 
-  Fial Bodies, cep ras it 18 diſturb'd by 

the Motions idore-menion's 

The quator is equally Allan From both 
Poles, fury divides the Heavens into two Hemi- 
ſpheres, whoſe middle Points the Poles, 
which therefote ate%equilly diſtant from rhe ſe- 
108 veral Points of the "Equator; the 98477 the hea- 
venly Bodies which are iy the 4 by their di- 
- u/#ral\ Motioo ſent to Tg f ator itſelf, 
the greareſt Circle ye "char can 1 25 e d 
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by the diurnal Motion; the other Bodies deſcribe 1083 
Circles parallel to the AEquator,, _ 5 
The Axis of the Earth is'inclin'd to the Plane 
of the Ecliptic in an Angle of 66 Deg: 3x Min.“ 960 
The' Poles of the World therefore are. diſtant from 1084 
the Poles of the Ecliptic 23 Deg. 29 Min. and the 
Plane of the MÆquator makes an Angle with the Plane 
of the Ecliptic of 23 Deg. 29 Min. Both Planes 
pals thro? the Center of the Earth; but ſince 
this may be look d upon as the Center of the 
fix'd'Stars,* it follows, that the AZquator and the 1385 
Ecliptic Line are great Circles,” which are inclin'd to * 988 


dy eich other, and cut one another in two oppoſite Points, 999 
lu- che Beginning of Aries, and the Beginning of Li- 

xis bra; which Points, in the way of the Sun, are 

te WI &termin'd: by theſe Interſections 1001 
to Men the Sun is in thoſe Points, it ſeems to deſcribe 1086 
the the Equator by its diurnal Motion; when it is car- 1087 
ies nel about in the Ecliptic by its Apparent Motion, 1082 
em continually recedes more and more from the 

lo- Equator, and its Declination is encreas' d, and 

nd it deſcribes leſ Circles every Day * till it comes to its ©1983 
nt greateſt Diſianre from the ZEquator, 'which is 23 1088 
cd Deg. 29 Min.“ then it comes back to the AEquator *1984 
115 gain, and goes beyond it alſo 23 Deg. 29 Min. ad- | 
ich vancing towards the oppoſite Pole. "WR | 
„ bine e VI 
by WI © 7hoſe Circles, deſerib d by the Sun in its diurnal 1989 
23 Motion, which are moſt diftant from the Maquator, 

th that is, 23 Deg. 29 Min. are call'd the Tropics. 

ni- One touches the Ecliptic Line in the firſt De- 

es, gree of Cancer, and is call'd the Tropic of Can- 

fo. er; the other is call'd the * of Capricorn, 

ea- and paſles thro the firſt Point of the Sign Capri- 
di- amm, and there touches the Ecliptic Line. 
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1093 | The Axis of the Moon is not perpendicular 10 
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cer, 25 be Arctic .Pole,. aud alſo thy 
11 al 0 A 


Ae a 


Pole; 157 5 K. 
"BY Wee « 
* Dig, VII . . 


tion by the Poles of the Ecliptio, chat is, b 
Poi ee les the World 
23, 4 are elle the Palar Circles. 
Aigle P ol e is chat . which ſur. 
wunds che Artie c other pores Que 
borrows its: lame. from e Antarctic Pole. 
There retngins to-be explain d the Moon's Mp 


Fate of the Moon 7 mou ud towards the Rarth, 
15 XXII. Fg. we Lade ann be at N. 
79 95 which is ad. 95 h is mui; 
the Moon did not turn about its Axis, and 

s Points were catried thro” parallel Lines, 

ae ine mi would coincide SEE the Line In 
in the Situation of the Moon at B, and the afore · 
ſaid Hemiſphere mu i would be at Im; but 
becauſe whilſt the Moon deſcribes a fourth Part 
df its Orbit, it performs likewiſe + of its Revolu- 
tion round its Axis, the Face which would be at 
Im n, is now at that 1 nne n turn d to the 
Earth. After the ITY it is prov'd, 
that this ſame Face mn, _ Moon is at 
P, is ſeen by an Obſerver on the Earth, and that 


all other Points of the Moon's 


the Plane itt Orbit, but a little inclin'd to it: 
The Axis keeps its Paralleliſm in its Motion 
E we Barth, as has been ſaid of the Pri- 

mary 
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in reſpe& of an Obſerver 'on the Earth, to whom 
ſometimes one, ſometimes the other Pole of the 
Moos is viſible, ' whence it ſeems ro be agitated by 


. 
my Plauets;“ therefore it changes its Siruation * 952. 


4 Sort of libratory Motion. There is another li- 1094 


bratory Motion obſery'd in the Moon; the Mo- 
tion about the Axis is equable, and it is carried 


in its Orbit with an unequal Caerity * there- * 966 


fore when the Moon is at its Perigaum, that is, 
u its leaſt Diſtance from the Earth where it is 


mov'd the ſwifteſt in its Orbit,“ that Parr of its 996 


Surface which, on Account of its Motion in the 
Orbir, werd be turn d towards the Earth, is 


not-wholly turn d from it on Account of its Mo- 


tion round its Axis: Therefore ſome of that Part 
of the Surface of the Moon which before was 
tot viſible, is ſeen at the Side; which; when the 


Moon * is e, is again invitible, | 


— _————n 


CHAP. VIII. 
face of the Earth, and its particular Parts.” 


na hitherto examin'd, by confidering 


the Farrh, and cartied from one Place to ans 
ather upon it. 


that by Reaſan of the Interpoftion of the Earth, one 
balf of the Heavens is 


i plac'd upon the Surface of the Earth. 


Dirinfrton L 
Thas Circle in the Heavens which ſeparates the vi 


Ale rs the evils Party when the Rays are 
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have explain d the Czleſtial Phænome- 


+ 74. of 
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Of the Phenomena which relate to the Sur- © 


+ 


the Spectator as carried about by thoſe Motions 
wherewith the Earth is really mov d. Now we 
ſhall conſider him as plac'd upon the Surface of 


The firſt — to be here obſerv d is; 1095 
inviſible to the Obſerver % 
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H is canes y. reaſon. of the immenſe Di- 


void 


1997 The Aſcent of theStars above the 1 — is call4 
| their Rile, 


1098 Abe Daten below the Horizon, is wy the Setting 


1099 of we. 3 a Line drawn — Obſerver 
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0 1100 The. Point N oppoſite to it. is iu. Nadir. 


1101 


7 the > jp bY 15 of the Speſtator, may be 
4-44 — 


dee be the Pans ge 


des thro the Obſerver, makes with the Horizon, is 
call d the Meridian Line; and is directed from 
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not intercepted by.the Inequalities of the Earth's 
Surface, is call d the. Horizon. 
Wnen the Height to which the Spectator can 
be rais d above the Surface of the Earth, is ve. 
ry ſmall, compar d with the Semidiameter of 


24. Let the Earth be T 
and the 0 PE ar S, and PE/pe'the Sphere 
of the fix d Stars; Io eceste a 2 at 


be the Diane o 
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ce of. t 80 981 Pereira the Section 
that r. the Spher here. reien , 
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of the Stars. d „ binimazs ozrodzid 5.0 
2noizol/ nee beim 20 


and the Center of thei Earth, which muſt neceſla- 
rily be perpendicular to the Horizon, it will reach 
the Point Z among thi fr d Stars, which 5 it __ the 
__ (F DID)» 

\; Dzrintyron: v. 
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The Section which, a Plane of. a' Meridian, that 
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The Eaſtern Part of the Heavens is that, 2 1 102 


ve. Nich we ſee the Bodies riſe above the Horizon ; — r 
E je Eaſt Point is that in which a Line direttod 


urds-perpendiculay to the Meridian Line, | and going 

| Me Cf canons Hog een 
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m Poine op poſite to this it rail d the Welt. Point; ;1103 
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3 Nis 1121. oN a e 6111 
e \DBESNATAON: . AM n 8808 
The e is an Heer & the. Horixum, h 104 
Nontain d ber teen the Eaſi or Weſt Pains, and the 8111 
Point in which the Star riſes: or ſets. The fieſt is. 
ald the Rifing, and the ather the Settin — 
tlicade'z: And each is eit. Northern or South- 
m Amplitude. 1 161972} 2 tmrs Him gw 
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The: Height or Altirude of a Star — che 1105. 
Horizon, | is the Are ¶ & Circle perpendicular to the 
Hrizon; in whoſe Center; —— 

5e fu and the. d i}: ar m 


Had a 210 241 D 21 23 

197 74H 5; Nea dr » 1 De. . 2 - 

| The: Difference of the Height of a Star, r $106 

the different Pofition of the Obſerver, dus he is ſip: 

vd in the Center, or on the Surface n. is 

ul d the Parallax of the Stare. 
 Thete 5s only the Parallax of the Moon which can 1107 

k dtermin d by Obſervations The Diſtance of the. 

Welt of the Bodies in the Planetary Syſtem is too 

neat to be compar'd with the Semidiameter of 

the Earth; and the Parallax depends upon the 

Fs which the an of is Oy . 
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188 ee Hemenc. Bock wy 
to the Diſtance of a Planet; therefore even # 
1108 Parallax of Mats in Oppoſition N the _, is to 
com muh nige Obſergation.: ; | |», 
1109 Where Gare is a Farallax, it Ae u Bod 


any 
*639 Rays fall leſs obliquely on the. —— of the 
1112 Atmoſphere. 1 = Zenith there is no Refradion ; 


even at the Diſtance of twwity or __ 7 
eee, 2 5 6 . — * 
doe 
48. . 
we mult examine the ſeveral Parts of lit; — 1 
are determin d, by referring to the Earth the 7 
ſeveral Circles 8 defore þ rank La 
gin che Heavens ſo fider ide ge 
% eridiaur, the Tropics, . — Ci- 
cler ——— Circles divide the Surface: of the 
Earth in the ſame manner as the of the 
fix'd Stars is * by the Ciel in the Hea-WiY 


vens: And thetefore the Cireles in the Heavens, Ml *: 
©: and thoſe .upowrhe. Earch do ſo mutually cor-W 
reſpond with each other; that à Line being 
ee Evi 8 
in the Heaue ic win vo e 
11 che. Barth, © di 225 8 the qua- 
a F'T, 11 15 57 15 th 
Polar Ge e Rar 1085 x 
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a men mae, 28, 
The Plane of it dr pi pendicnlar” i "Mie Nui sv; 1116 
becauſe it goes theo the Center" bf ehe Earth; 
ind the Obferver: FALLE. 17811 
A Meridian Line An an a Place en of 1 1117 
ee the F #195 e YOTELDIR. 101 
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of Lati W 2 9 n ee 1 

By RE od che Latitude che Place, 

re detetmine by Circle of Latitude, "which 7 211 
wes thro' the Places now to determine the Si- 

erer feveraÞ Places in reſpeck f each other; 

re muſt determine Faces upon the fever Cir- 

ts, which is done; by fu 2 Meridian to 

paſs thro? any remarkable Place; Which by ies 

&&ion, determines 2 8 upon oh Cirde of 


Latitude, * which its of Places | 
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do the Equator; and fult only take Notice 


"F122 at S, in the very Pole of the Earth IT, the cele- 


it is equal to the Arc EH for the Complement 


the diuroat; Motion. 
1123 Plate XXIII. Eg. 3.] When the Spectator i 


- - 1 * Nial Zquator E e, coincides with the Horizon, 
and the Pole of the World P is in the Zenith; in ! 
that Caſe, becauſe the Circles which are paral- M9" 

lel to the Horizon are alſo parallel to the qua- Ci. 
tor; all the heavenly Bodies appear to be carri- af 


| *308zed by a Motion parallel to the Horizon, in He. 


Circles which are repreſented by the Lines A, W#? 

Bb. The heavenly Bodies in: the Hemiſphere E Pe 6" 
never ſet," und the others are never wifible.. The HW 
112471 in this Situation is ſaid to be parallel, or this be 
Siiuation n cal d a Parallel Sphere. xz 
1125 Plate XXIII. Fig. 4. ] Tf an. Obſerver upon the WW" 
 * Earth/T-receder: from; the, Pole, and is at 8, the be 
Horia an is ſaid to be oblique, or the Sphere is oblique; ¶ de 


then the Axis Pp is inclin d to the Horizon bb, WW" 
ſo- much the more as the Obſerver, is farther - 
from the Pole. -, . GEZ: * a | . 


. Sri Oo We tit. | 
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1126 The Angle which the Axis of the Earth male 
* : 105 with the Horizon, is call'd the Height of the Pole.“ 
1127 This Height /of the Pol is equal to the Latitude. 


of each of chem te 2 Quarter of a Circle, is the 
Arc ZP. "WET Thy 
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Some of the heavenly Bodies riſe and ſet at n 
— . the Earth; namely, thoſe which 
between the Parallels to the Equator B h, — 
bi; becauſe all the Parallels between thoſe Two 
ue cut by the Horizon. 
The Planes of the Equator and the Horizon 
zo thro the Center of the Earth ; therefore theſe 
Circles cut one another mutually into two equal 
farts, and half of the Equator is above the © 
- therefore the heavenly. Bodies which: are 11 30 
in the FEquator are above the Horizon during balf a 
Revolution of the Earth about its Axit; and on 1082 
Account of the Equability of the Motion about 
de Axis, are invifible during an equal Time. 
Theſe alſo riſe due Eaſt, and ſet due Weſt . 
s, in the very Points of the Eaſt and Weſt; ) for 
the Section of the Planes of the Equator and 
the. Horizon, is perpendicular to a Plane per- 
xndicular to both theſe Planes; and this laſt 
Plane is the Plane of the Meridian of the Place.“ 8 
Therefore the aboyver mention d Section is per- 1116 
tendicular - to the Meridian Line,“ and conſe-? 1117 
wently. goes thro' the Eaſt and Weſt Points.“ 1102 
Bodies between the Equator and a Parallel Bb, wen 
Fan touches the Horizon, as in the Circle A. a, con- 253 
me longer above than below the Horizon ;, and this. 
Meme is ſo muth the greater, the more the Circle 1133: 
ka, approaches that Pole, which is above the Horizon. 
On the contrary, as the Body goes towards the... 
wpoſite. Pole, its Time of continuante aste _ 
un 72 the langer. 
This. Inequality of the Time that py 4 is Ds 
ad below the Horiz un ,encreaſes as the Height of the 
Pule, does, . becauſe of the Diminution. of the An- 
tle made with the Horizon byrbe Equator and 
Is Parallels. 
Bodies whoſe Diſtance from the Pole is equal to the 3 135 
ght of it, never ſet, for ſuch is the Diſtan 


re 
» 7] ö 
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of che Circle B A. which tonches' the Hotizoen, 
bus has no Parr of. is below che Horizen. Þ; 

' Bodies leſs diſtant from the Pole, do not ſo 
7 muck as come down to the Horizon. 


1136 It appears by the — Neaſoning, that Bode 

: whoſe Diſtance _ ph Poly dors not exceed 

| the Height of- 3 e tie above the Hor 
20n, and ar b.. 

1137 © Bodies whoſo Diſtance E Z from the Equate 

is equal to the Height of che Pole, chip? the 

Zenith Z. for ET is equat to the Latitude df 

. the Place. to. which the Height of the Pole is 

"1126 6a; 54 300d 

1138 3 79 FLY # SpeBlator S has 

2 * receded as fa as he can. from ehe Pole, he cum: 

th ib Mn , whoſe Points ate equally diſtant 

* 1075 from, tach Poe & then the Axis Pp is in the Ho- 

| Ae riꝛod, wich which the Zejuator makes à right 

1075 Auge, fer which Reaſon the Horizon ir faid m de 

err be. Right S r this is cal Rv Sphere. 1 

The Horison outs inte brd equal Parts all the 


Circles that are paraſtef te the Equator, which * 
are reprefchged b the Lines Ax, B 5, therefore , 


ar at Sdery Neben of the 
ind ev, and af wd aut invifile 


\irſetf- our” 1 the Aunnb, md 
the" Bodies" har ate nir paſs thro it 
N en o nee An 2 = 
Starry have explair's' eoncertihg * 
Diurnal Moxion be pegs Riots to the Bodies, of 
„ whoſe other otions 'we have ſpo- 
by before; the ö will be” eafily de · 
uin ch from che Morions join d together; thoſe 
relate te the Sun ate more remarkable than 
che reſt, and * more r to be 
221 e f 
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D ETINITION XVIII. 

Me call a Natural Day the Time elapſed between 11 41 
the Receſs of the Sun from the Meridian a Place of, 
and its next Return to the ſame Meridian. 

This Day differs from the Time of the Revolution 1142 
of the Earth about its Axis, which Times would 
de equal if the Sun appear'd immoveable a- 
nongſt the fix'd Stars; but whilſt by the Diur- 
zal Motion, in the Time of one Revolution of 
the Earth about its Axis, the Sun is carried round 
om Eaſt to Weſt, that is, in-Antecedentia,* it is 1080 
tarried by a contrary Motion in the Ecliptic, 996 
hereby it comes later to the Meridian. 


* But as the Sun does not every Day go thro' 
Ho- equal Space in the Ecliptick,“ all the Natural ggy _ 
right Days do not equally exceed the Revalution of 11433 


the Earth about its Axis; therefore theſe Days 
ue unequal to one another. 52 5 
Natural Days are unequal alſo upon another 
Account, namely, by Reaſon of the Inclination 
the Ecliptic in Reſpe& to the Æquator; 


FI thence it follows, that the Annual Courſe of 
the dun is unequally inclin'd to the Æquator in 


ifferent Points; and tho? the Sun ſhould equally 
o forward every Day in the Eclipric, the natu-- 
nl Days would not equally exceed the Time of 
the Revolution about the Axis; for if the Mo- 


lon of the Sun be reſoly'd into two Mations,** 192 
% of  ®hich the one is parallel to the quator, 
' fpo- nd the other perpendicular to it, the firſt is 
de- ly to be conſider d in detetminiag the Exceſs 
thoſe Nove mention'd, and that it is unequal, is plain 
than Wn the different Inclination above- mention d. 


Theſe two Cauſes of Inequality often concur, 
yd often act contrarywiſe. | n 
Every Natura! Day is divided into twenty-four i144 
al Parts, which are call'd Hours. Each Hour is 
Vol. II, O divided 


at 4 
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divided into fixty Minutes 4 and each Minute int 
fixty ſecond Minutes or Seconds ; and fo on. That 

1143 theſe Parts of Time wary in different Days; appears 
* plainly from what has been ſaid ; they are by 
Aſtronomers reduc'd to Equality, by conſidering 
the Number of Hours in the whole Revolution 
of the Sun in the Ecliptic, and. dividing the 
whole Time into as many equal Parts as there are 
Hours, twenty-four of which are taken for one 
1145 Day. The Time, whoſe Parts are by this Method 
reduc'd to Equality, is call'd the Mean Time, and 
that Reduction is call d the Equation of Time. 
1146 We always make uſe of the Days and Hours of the 
Mean Time in determining the Periods. of the heaven! 
ner By rtruirion. KDC” 5 

1147 | | The Artificial Day is the Time that the Sun ſtazs 

above the Horizon. wy xt Ret 
We always ſpeak of it when we mention Day 
1148 in Oppoſition to Night. In determining the Length 
off 7 Days, ue ſhall not attend to the ZEqua- 

tion of Time. ; 2 „ $19 

1149 De Crepuſculum always comes before the Sux's 
115 Riſe, and follows itt Setting; this is that dim Light 
which we commonly call Morning and Evening I wi 


1151 70 Twilight is produc d by the Atmoſphere, which 
is enligbten d by the Sun's Rays, and whoſe Particles 
reſleti the Light every Way; from whence ſome 
Rays come to ut, tho the Sun be depreſs'd eighten 

| Degrees below the Horiz un. 

1152 In the parallel Sphere, that is, to all thoſe that 

* 1138 dwell under the Æquator,“ the Days and Nigh 

.  *1139are equal to one another all the Tear round, and are 
*11440k. twelve Hours.“ Dp ob 7 IT 
1153 In the oblique Sphere the Days are longer or ſhorter 
l 1 the Mens Diſtance of l. Sun fm 


1. 

19 o 
_ = 

\ 4 * 92 


o 4 o 
1 » . 4 4 
9 ; * 
| + „ 7 » * * , 3 7 
s ” ® — * — . —— 9 wy . 
7 * 2 . 


_— 


— 2 + ; 
N 94 - 


. 9; 
1 Nd 


74. N 


Kd 


"W 0 A 
ö ö 
j 
| 
4 
81 
0 
ö 
| 
6-58 
\ 
; E 411 
þ | 
| bs: 1 
i 
I 4 
1 | 
| . 
1 | d 
| | 74 
5 1 
* —8 
N © Bug. 4 WI" \ 47 
1 . 1 1 | bs; 
„ ow a jo 
| 1 4 
i , . 
£500 a 2 Lt 1 = 3 5 


FVV e e ee, c c „ V VF _ IS ̃˙ ! NT ⁰ ũuwt . ͤ r W 6 w- W. 0 A i | 


* 
- 
* 
b 5 
5 - 
. 
Ss * 
7 . * 
. 
® * 
0 ® p 1 
; 
U 2 * * 4 
4 " * 
* 
# + 
. 
4 
J A 
* 
0 . 
. 
P 
— 
} » 
* * 
. 
- 
4 
k Ls - 
cy? . 4 
k . 
P 0 = 
\ * 
- 
s : 
1 
. x 1 . 
* } 
i 
E * 
. \ W 
* 
* - 
* 
” - » * 
. - * . 
: . vg ” 7 
4 BE 
= . \ 
b * * * 1 . 
* = „ 1 
. * „ / 
- PE 
* U ## 
1 571. g F 
5 „ 0 9 
vw 5 9 
; * 
„ * 1 * - - 
* : 2 
. : „ 
* — , * % - — 
by N 1 n 
* . 
, . 
. 
* 
? : WE? 
* 
® — — 2 : 
— — — mm doe. 4+ ” 3 7 A 8 n 7 7 
— 5 * * g * 8 1 5 
7 * * 1 * 3 ; AL v * * 
. ae, * wy , R115 1 * 4 4 
2 * 4 1 af » 
o ne * * ” A 17 » # 
on OR 1 5 # 
* - . 
— * i ne 7 
5 vA * 2 * 
We * * — a —— 
ad - 
- —. * 
i — 3 * 
. . 4 5 , _ a 
* * * * 1 — _ 
4 . k * I aa z " , 
E « 
. he 
7 — — 
1 * , * 
* ” 
0 1 
4 e q uf gud 
A A , 1 « , . 2 
7 pe . 
— 
* - 
- - 2 „ ao Frey 2 Ao ˖˙* * At * - 
$ X . — . 1 
* 4 
4 . ; * 1 * 3 7 . — 1 
£5 po F » + "EY 1 — 6 — ww £ FOE 2 a 
by " 5 ” . * * : 4 a - ” EC - ths % 4 . «7 
o » ** 
: + Was. : 
» 1 : 
1 7 1 * * * 
— 7 1 work 
* 4 . J ? 2 
* 5 ” 4 —_— a * 
7 - . * bo * 5 — 8 
ol - — * 
5 — oy # * 
* * * * » 


a 1 — . * a * * 2 - * wa Y-- 7% TOE , " A — 
1 ? * 
3 * 7 * 


Book IV. of Natural Philoſophy.” 195 
the AEquator, towards either Pole; for the Sun 1237 
recedes from the AÆquator towards the Poles, Un 
23 Deg. 29 Min.“ 20 t 

The Sun is in the Equator abour the 1155 17774 
March, and the 12th of September, and then the 
Day i equal to the Night* which happens al . 
the Karth, except juſt at the Poles.” 25 


PDPDarixITION XX. 3 
Thoſe Points of the Ecliptic in which it is cnt 91155 
the AEquator,* are call d the Æquinoctial Points 3 108; 
becauſe the Sun i is in thoſe Points when the a- 
bove- mention d nn of wa... and Night 
happens. 


Dxrinirion XXI. N 11 

Theſe Þ pom of the Ecliptic, in which the Topic Th 
touch. that Circle, are call'd the Solſticial Points  * 7085 
Becauſe for a few Days, when the Sun comes to 
thoſe Points, and. goes beyond them, it does 

not ſenſibly change its Declination, and the 

—＋ . of the Days does not ſenſibly vary. 

Under the, Poles, if there be any Iohabiranes1156 
there, they can only once in a Year fee the riſing 
and the ſetting Sun, and only one Day uit h one 
Night make up their whole Tar. The Sun _ 
RIES, above. the Horizon all the while it 51 
thro? one half of the Ecliptic;* the reſt o the* 1665 
Time it is hid under the Horizon. But yet 23. 
their Day is lengthen d upon account of the Refraſtion, * evo ; 
and the Twilights loft * very lung, for they laſt hy 
has as | Ae N of 3 ba towards the 

en Pole does not exceed 1 — *115t 

ft the Arctit Pole, in the firſt ix Signs, d 
Aries to Libra, the Sun is above the Horizon'; 
therefore at that Pole the Dan exceeds rhe Nes 
nine Natural Days,“ befides the Divination ee. 
Wer 8 t l e 2 

* *. 1 Theſe 
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Theſe general Things which relate to the dif- 


8 ferent Poſitions of the Horizon being explain'd, 
ſome more particular Things are to be examin'd. 


1155. The whole Surface of the Earth is divided into five 


Zones. The firſt is. contain d between the two Tro- 


1160pice TT, et, (Plate XXIV. Fig. 2) and cal d 


' the Torrid Zone; there are two Temperate 
Zones, and two Frigid Zones. The Northern 
Tem perate Zone is terminated iy the Tropic of 
Cancer T T, and the Arctic Polar Circle A A. 

I ho 1 The Southetn Temperats Zone is contain d be · 
tween tt, the Tropic of Capricorn, and the Polar 
1162 Circle aa. The Frigid Zones are eircumſcrib d 5 
the Polar Circles, and the Poles are in the Centers of 
them. 
1163 In the Torrid Zone, twice a Tear the Sun goes thro 

* 1137 the: Zenith at Noon. For the Eloveetot of the 
*4160Pole is leſs than 2 ; Deg. 29 Min.“ and the Di- 
1127 ſtance of the Sun from the Aquator towards the 
Pole which is above the Horizon; is twice in a 

W Year equal to the Height of the Pole“ For 


2088 hich Reaſon alſo in the Limits of that Zone, 


1164 namely, under the Tropics, the Fun comes to the 
* 1087 Zenith only once in a whole Dur. o 155 5; 

10869 In the Temperate and Frigid Zones, the leaſt 
1165 Height of the Pole.exceeds the greateſt Diſtance 
Wer the Sun from the Equator; and therefore 


| 1900 to their Inhabitants the Sun never 2 s thro the 


1166 Zenith.“ Let the ſame Day the Sun riſes to a greater 
pk Height, the leſs the Height of the Pole is; becauſe 
thereby the Inclination of the Circles of the 
Diurnal Motion with the Horizon is leſs. © 


1167 Tn the Torrid Zone, and in the Temperate Zones, 
*129every\ Natura! Day the Sun riſes and ſets ;* for the 


1137 Diſtance of the Sun from the Pole always ex- 
* , <ceds the Height of the Pole.“ Tet every where 


2 2 b under the Aiquator* the Artificial Days are unequal 


3161 to one another ;*- Wu Inequality in lo much the 
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Book IV. + of Natural Philoſophy. 197 
renters the leſs the Place is diſtant from a 

rigid Zone.“ | | 1134 

But in the Polar Circles, juſt where the Temperate 1169 
Zones are ſeparated from the Frigid ones, the 
Height of the Pole is equal to the Diſtance f 
the Sun from the Pole, when it is in the neigh- 
bouring Tropic ;* and therefore in that Caſe, 089 
that is once a ear, the Sun in its diurnal Motion 1c91 
performs. one entire Revolution, without going down 
under the Horizon. jr TINT 

But every wherg in a Frozen Zone the Height of 1:76 
the Pole is greater than the leaſt Diſtance of the 


= 


Sun from the Pole ;* therefore, during ſome Rewo-* 1089 


lutions of the Earth, the Sun is at a diſtance from 1162 
the Pole which is leſs than the Pole's Height, and 
during all that Time, it does not ſet, nor ſo much 
as touch the Horizon.* But where the Diſtance *,,,, 
from the Pole, as the Sun recedes from it, does 
exceed the Height of the Pole or Latitude of 
the Place,“ the Sun riſes or ſets every Natural 1129 
Day ;* then in its Motion towards the oppoſite * 1129 
Pole, it - ſtays in the ſame manner belou the Horizon, 1171 
as was ſaid of the Motion above the Horizon.* 736 
_ Theſe Times, in which the Sun makes entire 
Revolutions above the Horizon, and below it, 
in its Diurnal Motion, are ſo much the greater, 
that is, the longeſt Day and Night laſt the longeſt, 
the if the Place in the Frigid Zone is diſtant from 117 
the Pole, till at laſt at the Pole itſelf they take | 
up the Time of the whole Lea. 
From the ſame. Cauſes, namely, the Obli- 
quity of the Ecliptic in reſpe& of che Equator, 
by which are occaſion'd all the Things which 
relate to the Ine quality of Days which is dif- 
ferent in different Places; we alſo deduce the 
Difference of Seaſons, which ſucceed one ano- 
ther every Lear; I hall ſpeak of them firſt in 
1 £20441 n 21 blech 0 Aa Nom ail o n 
19310 5+: ; 


. 
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| -xelpeſ ro the Frigid and Tewperare Zones, 


gnd then in reſpe& to'the Torrid Zone. 
The Rays of the Sun communicate Heat to 
the Air, not only when they come dire&ly from 
the Sun, but when they are reflected irregularly 


+ ,zfrom Bodies or the Surface of the Earth.“ 


This Effect is ſo much greater as the Rays 


ſtrike the leſs obliquely againſt the Surface of 


the Earth; and that upon a double account. 

x. If you reſolve the Motion of the Light into 

+ 392 two Motions,“ one of which is parallel, and 
the other perpendicular to the Surface of the 
Farth; the Light a&s upon Bodies only by this 
laſt Motion, which diminiſhes as the Obliquity 
encreaſes. 2. There are more Rays acting at 
one Time upon the ſame Part of the Surface of 
the Earth, the more directiy they come upon 


AM Tx Sh 3 35 Mg 
17 Hence we deduce, that the Cauſes of Heat en- 


1. 


creaſe when the Days encreaſe, by the Sun coming 


towards that Pole which is above the Horizon ; 
becauſe the Sun does daily aſeend to a greater 
Height; ſo that to the diminiſh'd Obliquity is 
added the longer Continuance of the Sun above 
the Horizon, both which concur to the encrea- 
ſing of the Heat; che Nights alſo are diminiſh'd 
as the Days encteaſe, and che Heat that is pro- 


: 85 | Z * by Day has leſs Time to decreaſe in 


- | Jo the Northern Zones, as follows ' from this, 
the Cauſe of Heat is the greateſt of all, when 
ogo the dun comes to the Tropic of Cancer.“ Let 
1174the Heat is not aua the greateſt where the 
Canſe of Heut is the greateſt ; | tor the Heat en- 
creaſes as long as that wich is acquir'd by Day 
is not wholly deſtroy d by Night: for tho" the 

daily Augmentations be diminiſh'd, as long as 


„ there. is an Augmentation the Heat encreaſcs. 
$0 alſo the moſt intenſe Cold is not upon; the 


{ſhorteſt 


| 
| 
| 
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ſhorteſt Day, in which the Obliquity of the Sun's 
Rays is the greateſt, and the Abſence of the Sun 
the longeſt ; but the Colg encreaſes, as long as 
the Diminution of Heat does laſt; concerning 


' which one may reaſon in the ſame manner, as 


concerning the encreaſe of Heart. 
The Tear is divided into four Seaſons ; the hotteſt is 1176 
call d the Summer; the coldeſt the Winter ; the temperate 
Seaſon that follows the Winter, Spring; and the Au- 
tumn comes in between Summer and Winter. 
In the Northern Regions, in the beginning of Spring, 1177 
the Sun appears to be in the beginning of Aries: in 
the beginning of Summer the Sun comes to the Tropic 
of Cancer. When the Sun. enters Libra, the Au- 
tumn begins : in the beginning of Winter the Sun per- 
forms its diurnal Motion in the raps of Capricorn; 
all which yy be eaſily deduc'd from what has, , 
been explain'd. * . „ent E 1173 
In the Southern Regions, the Summer happens in the 1178 
Time of the Winter abovemention d, and they have their 
Spring whilſt the former have their Autumn ; aud ſo 
of the other Seaſons. | 1 anrnys 6 
The general Cauſes upon which the Diyifion 
abovemention'd depends, are often diſturb'd by 
Cauſes relating to particular Place; eſpecially in 1179 
the Torrid Zone, of which we {aid we muſt treat 
of ſeparately. In moſt Places of this Zone there 


are ouly tuo Seaſons obſery'd, (viz.) Summer and 


Winter, which are chiefly diſtinguiſh'd by dry and ue 
Le . 205 3 mt28 | 

_ When the Sun comes. to the Zenith, of | any 1180 
Place, there are almoſt continual Rains, upon 
which account the Heat is diminiſh'd, which 
Time is referr d to, or call d imer. As the Sun 
recedes, the Rains diminiſh, the Heat is encreaſed, 1181 
and that Time is referr'd to Summer. ih en f 
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1182 - In the. middle of the Torrid "Zone, there -are two 
Summers, and as many Winters; becauſe the Sun 

* 1163 comes up twice tothe Zenit 
Towards the Sides of this Zone, tho the Sun 
comes twice to the Zenith ; yet fince there is bur 
a ſmall Time between its coming to ir the firſt 
and ſecond Time, both the Winters are con- 
founded into one; wherefore only two Seaſons 
in a Year are obferv'd there. 


1 
— * * 
1 


4% 4 * P , ' \ | . | 
WI YER AP IL. 
| . N 6 


i TEE 


Concerning the Phenomena: ariſing from the - 


Mor ion of the Axis of the Earth, 


TATE have ſaid that the Axis of the Earth 

* 952 © is carried by à parallel Motion ; 
we have not conſider'd a ſmall Motion, where- 
1] ” wy really mov'd, of which we ſhall now 


1183 The Axis of the Earth, keeping the Inclination of 


66 Deg. 31 Min. to the Plane of the Ecliptick, re- 


wolves in Antecedentia, that is, is ſucceſſively 
Carried towards all Parts; and its Extremities, 
1184 (v.) the' Poles of the World deſcribe Circles round 
the Poles of the Ecliptic, from Eaſt ro Weſt. And 

hit Revolution is perform d in the Time of about 

1 Tears, which Period is called the Great 
Becauſe the Earth is look'd upon as immovea- 
ble by its Inhabitants, this Motion is referr d to 

| the heavenly Bodies, as has been ſaid of the other 


Motions. Therefore whilſt the Poles of the 


World ate mov d about the Poles of the Ecliptic 
in Ametedentia; and paſs ſucceſſively thro? all the 
Points that are 23 Deg. 29 Min. diſtant from 
thele Poles, theſe Poipts themſelves, or . 

— 1 | the 


220222. 


2 


„ nd 0 r e bh: Of 


the fixed Stars that are in them, come towards 
the Poles of the World ſucceſſively, and ſeem to 
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be carried in Conſequentia, and to deſcribe Circles 


which are really deſcribed by the Poles of the 


World abqut the Poles of the Ecliptic, which, 


being plac'd in · Centers, alone are at reſt. For 


together with the Stars abovemention d, the 


reſt of the Stars (becauſe they keep the ſame 


pear to be moved. 


ſituatian in reſpe& to one another) * do alſo ap- 923 


Therefore the whole Sphere of the fix d Sears, 1185. 


ſeems to move in Conſequentia about an Axis paſſing 


thro” the Poles of the Ecliptic ; and each Star appa- 


rently deſcribes a Circle parallel to the Eclipric ; 
by which Motion the Latitude of the Stars is 
not chang d. ; 9 0 | L063 15 ; 

The Plane of the ÆEquator makes a right An- 
gle with the Axis of the Earth; therefore, by the 
aforeſaid Motion of its Axis, the Section of the 
Plane of the Equator with the Plane of the 


Ecliptic, is moyd round; wherefore the firſt 


1136 


Points of Aries and Libra, which are always op- 


polite, move thro' the whole Ecliptick Line in the 


oe of about 25000 in Antecedentia: yet 
tney 


are look'd upon as immoveable by the 


Inhabitants of the Earth, who imagine that 


the fix'd Stars themſelves are mov'd in Con- 


* rr 1 


4 n Pot K. 
Concerning tbe fix'd Stars. 


WI have ſaid that the fix'd Stars arc lucid 


Bodies, remov'd ſo far off, that their 
Diſtances can be compar'd with no Diſtances as 


* 


- 


_ . 6 - .- > , 2 
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1137 the Planetary Syſtem. For Aſtronomers haue not 

7 able by their niceſt Obſervations, to obſerve the 

Poles of the World carried out of their Place in the an- 

nual Motion of the Earth, altho they deſcribe Cic- 

| cles in-the Heavens which are equal to the 
932 Earths Orbit. 


ä DETINITTON I. | 
1188 This Motion of the Pole is call'd the Aunual 
-. Parallax. e e 31 
That the fix'd Stars are at an immenſe Diſtance, 
zs alſo prov d by Obſervations with the help of 
1189 Teleſcopes. If any fix d Star, even the moſt lucid 
and conſpicuous, be beheld with a Teleſcope, thro 
which+ the Diameter of the Sun wou d appear 
equal to the Diameter of the Earth's annual Or- 
bit, t will appear to be a lucid Point, without any 
Jo fagnitude ; for all the fix d Stars appear 
.- els when 


ate ſeen thro* Teleſcopes, than 

they do to the naked Eye; for it is only theix 

Tinkling which makes them appear to have 
1a 11. Th ae 


any ſenſible MagnitudeQ. 1. 
1190 That the Stars may be diſtinguiſped, they are re- 
ferred to warious Figures, which are imagin d inthe 

| Heavens, an are call d Cunſtelluriounn. 
1191 Twelve Conſtellations are imagin'd't be in the Zo- 
diac, which are call d the Aut of rhe Zodiac; they 
receive their Names from the Animals or Things 
1192 which they repreſent : Aries. Taurus, Gemini, Can 
cer, Leo, Virgo, Libra, Scorpius, Sagittarius, Capri- 
cornus, Aquarius, 'Piſces: Theſe Signs have given 
their Names to twelve Parts of the Ecliptic, of which 

999 we have ſpoken before | 7 
In the Time of Hipparchus, the Sections of the 
Ecliptie and Zquator Were between the Con- 
ſtellations of Piſces and Aries, and Virgo and Libra, 
and the Conſtellations gave their Names to 1 
| | f arts 


\ 


— 
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2 Parts of the Ecliptick, which paſs d thro each 

i, Conſtellation : Aud the Parts of the Ecliptic, ſuppoſing 1193 
the beginning of Aries and Libra, in the Interſetions 

of the AEquator aud the Ecliptic, haue kept the Names 
Which they had at that Time, tho theſe Inter ſections 

be carried from their old Places * ; whence the Sun“ 1186 
is faid to be in Taurus, when it moves amongſt 

al the Stars of the Conſtellation Arie. 

The Zodiac ſeparates the North Part of the 

e Heavens from the South Part. l 
t te Northern Region are the following Conſtella- 
id tion; the Leſſer Bear, the Greater Bear, the Dragon, 

9 Cepheus, the Hounds, Bootes, the Northern Crown, 

Ir Hercules, the Harp, the Swan, the Liz xard, Caſſiopeia, 

r- Camelopardus, Perſeus, Andromeda, the Triangle, 

19 the leſſer Triangle, the Fly, Auriga, Pegaſus, or tbe 

bh Flying- Horſe, Equuleus, the Dolphin, the Fox, the 

An Gooſe, the Arrow, the Eagle, Antinous, Sobiesky s 

ei Shield, Serpentarius, the Serpent, Mount Manalus, 

e Berenice Hair, the Leſſer Lion, the Linx. 

\ In the Southern Region of the Heavens, are the fol- 
voy Conſtellations, many of which are invifible to us: x13 

namely, the Whale, the River Eridanus, the Hare, 
Orion, the great Dog, Rhinoceros, the leſſer Dog, the 
Ship Argo, Hydra, the Sextant of Urania, the Cup, 
the. Crow, the Centaur, the Wolf, the Altar, the 
Southern Crown, the Southern Fiſh, the Phenix, the 
Crane, the Indian, the Peacock, the Bird of Para- 
diſe, the Southern Triangle, the Croſs, the Fly, the 
"Chameleon, King.Charles's Oak, the flying Fiſh, the 
Taucan, or American Gooſe, Hydrus, or the Water- 
Serpent, Aiphias, or the the Sword-Fiſh, x 


Map) Dz #1nitT10N . s 
De Stars, which are between the Conſtellations, are 1 196 
call d unfarm'd Stars. 
. All the Stars are not equally Jucid, and they are 1197 
deer d by Aſtronomers to fix Claſſes, the moſt - 
N n . ci . 


*. 
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cid are call'd Stars of the firſt Magnitude ; 

others are ſaid to be Stars of the ſecond 
Magnitude, others of the third, c. to the ſixth 
Magnitude. | hats 


1198 Some are not Yeferr'd even to this of Claſs, and are 


call d Nebulous Stars. 


1199 There is alſo a certain Zone or Belt obſerv'd in 


the Heavens, which is not every where of the ſame 
Breadth, and goes round the whole Heavens, 
and in ſome Places is ſeparated, ſo as to become 
double. From its Colour it is call d the milky 
1200 Way. ' I is plain from Obſervations, oy the help 
of the Teleſc cope, that this Way is an Aſſemblage 
of innumerable flx'd Stars, which cannot be ſeen by the 
naked Eye, either becaufe they are leſs than the 
// "other Stars, or more diſtant. 

1201 Towards the Antarctic Pole there are two Nubecule; 
of the ſame aver, as the Milky Way, which are alſo 

hep of ſmall I Stars, and cannot be ſeen without 
eleſcope. Beſides the Stars, which are ob- 

ſerv'd in theſe Nubeculz, and in the Milky Way, 


N _w "whatſoever Part of the Heavens you point the Tele- 


ſeope, you may diſcover ſmall Stars in a great Newer 

"which are not viſible to the naked Wi Very often 

an heap of Stars appears to the haked Eye to be 
bür one Star. 

120 * | Amongſt the Sears | ſime are viſe and inviſible by 

+; and obſerve regular Periods ; others are ſuc- 

ente) de ſometimes mote lucid, ſometimes of a 


Tetelcope, and that ar certain Times. 


Ys 204 "Yet they axe not equally bright at every. Period.” 


Sometimes Stars have appear'd ſuddenly, 9 52 


the brighteft in Light, which afterwards ſucceſſroely de- 


: _ , reafing, have vaniſh.d. in 44 ſhort Tos and ſtill remain 
inviſible. 
1205 Beſides the Stars, we obſerve in the Heavens f 


veral N Nute, IRR, are in ſome. meaſyre ac 


# n 
15 


dauer Light, and to be ſeen oply by the help a 


\ 
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* and in ble to the naked Eye; their Light is referr'd 
nd rothe Stars which are in them, or they are look'd | 


th apon as nebulous Stats. 

* What theſe Spots are, cannot be determinꝰ 4, 

Os perhaps they are a. Congeries of-Stars, which 

haye the ſame Relation to the Teleſcopic Stars, 
as thoſe which form the Milky Way. have to 

ne thoſe wah are _ by the 2 Eye. 
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125 If we add one to theſe, we ſhall ſee the whole 


1206 "The es ded to the reſt, is this. All 


1209 each other. This Gravity is Proportional to the Quan- 
1208 tity of Rur: At Diſtances it is 
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Concerning univerſal Graviy. 


8 explain'd the Motions of the 

A =AY vin en Bodies, and rhe Phænome- 

AY na ariſing from them, we muſt now 
ceramine by what Laws theſe Moti- 

ons are perform d. 

We have before laid down the Laws according 


24 to which the Motions of Bodies are directed. 


om 


wt. £4 es wo es 


26 Contrivance by which: that vaſt Machine the 
Planetary Syſtem is 'd. 


Bodies are mutually heavy (or gravitate) toward: 


Bock IV., of Natural Philoſophy: =— 207 
the Square of the Diſtance That is, all Bodies 
mutually attract or tend towards each hong with. 
the Farce which belongs to each Particle of Mat- 

er acting upon each Particle; and the Force, 
wi which a Body acts upon others, is com- 
pounded. of the joint Forces ok all the Particles g 
of which the Body conſiſts; ſo this Force en- 
creaſes in the ſame Proportion as — quantity of +-- 
Matter, and is unchangeable in ev 4 rb 
it is always the ſame at the ame 1 ie 
the Diſtance Nr ing, the Force pw by - 
the Square of the. Diſtance. increaſes. 

We call this Force Gravity, when we ander a a1 209 

12 which of it ſelf tends towards another z, becauſe. 
Force 1 is ca by chis Name near ehr 8. ; 

od; det *7 

- But when we conſider. a Body, towards which am 1210 

they tends, ue call this Force AttraGion. . We mean 

2 ſame Effect by theſe Names, and nothing but 

; for ſince all Gravity is reciprocal, * it* 126 

is ja 1 to e all Bodies gravitate mutually 

towards one another, as that Bodies mutually. 

2 — another, or mutually tend towards 
Other. 


We look upon this Ee& 40 Law of Nature ., 4 A 1 
SS 1 


becauſe it is conſtant, and its Cauſe is un- 
known to us, and cannot be deduc d from Lows 
that are known, as we ſhall ſhew by and Wy Is 
Now that there is ſuch à Gravity, i 1020 be prov d 
from Phænomena. 

All the primary Planets are kept i in their Or- 
bits by — which tend towards the Center 

of the Sun * ; therefore there is à Force by: 944 
which the Planets are carried towards the Sun, — 
and whereby the Sun tends reciprocally towards | 
e of chem *: Tha in the Sin ad Planere 1273 

Y cravirate mutually towards each other. _  \_. 16 


” FR. c 
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1212 After the ſame manner tis plain, that the = 
telle of Jupiter and Jupiter gravitate towards ga tach 
; other; u alſo that the Satellites of Saturn gruvirate 
zl rewards their Primary Flas, and that towards 
126 them? 
1213 Th bien and the Earth alſo gravitate coward 
* 966 ith other * 4 FFI 
_ All the Secbadary Planets gravitate n the 
Rog Sun. For they are all carried by a regular Mo- 
4tion about their Primary Planets, as if the Pri- 
mary Planets were at reſt; whence it is plain, 
that they are carried about by the common Mo- 
tion with the Primary Planets; that is; that 
the ſame Force by whieh the Primary nets 
are erety Moment carried towards the dun, acts 
upon the Secondary ones, and that they are carried 
the Sun waith th fame Celerity 'as the pri- 
mary Planets. "Even the Itre ulariries of the Se- 
condary'Plnets, which are ſo ſmall, as only to 
be ſenſible! with reſpect to the Moon, confirm 
this Gravity of the Secondary Planets towards 
the Sun; for -we Thall ſhew herereafter that all 
the Irregularities are caus d by the Change of 
the Moon's Gravity towards the Sun, at a dif- 
ferent Diſtance; and becauſe the Lines in which 
the Earth and Moon tend towards the Sun are 
not altogethe Gan ren 2 
1216 From the Gravity of the Sander Plinides' 
towards the San, it follows, dn abe Sun adi 
16 tate towards them.. 


1217 In reſpect of the Gidviation &f the Nipiry 


Planets towards one another, Aſtronomers have 
obſerw'd, that Saturn changes i its Way when it is 
- neareſt- to Jupiter, which is far the greateſt of 


Fe all the Planets; fo that it is plain from immedi- 


2 Obſervations, that Ja an and Sarurn — 
tate Sewards each other. 


Jupiter 


„ . —*-—¹ . ⁹⁰ůnöꝛaw arm -ůfmę ß] ˖/‚ . ac. on ² . lo W 
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the Forces of Gravity We fade portional to the 


of Naa! Philoſophy. © 2by 
upiter alſo this Cue, Hlanfteett has ob- b- 1218 
2 | erred Moti 01 . Satellites of Sa- 
card atrtaRifipthent* 2litcle to itſelf; 4 175 h 
proves that theſe Saxellites Dave tf wat, Ju- 
pi, aud Jupiter totbard? them. on UP which 
fidettitidhs* - compar'd together,” ir follö hg, * 1211 
that the ſeventeen Bodies, of which” th flows = 1212, 
rary- Syſters is ade up, mHutully gtabitatk t 2 
wards each other, altho no immediate Te as 16: 
tibns''eah be miade-cohe Kaige avitation' 121), 
of each n aras the t 09200 _ 
The ſecbnd ni que is,* that Orr 
vity is propo Sorrento to 7 ty of Matter; * 1207 
that-is, that al the rg er, r 54 


Si 


towards each other; atid' net RA e'La 
of Gravit is univerſal, and that every Body cs 
upon all other Bodies; whICh is ce ae 
Phwenonict DIE MG 1-907] SHOT tell 1 
The Potces df Gravity att as the janitities 22 
ef Motions 'whictr chey oy ene, * and the 
Quantities, in unequal Bots chat are e qually 
ſwift; are to one — — 28 th 4 JON Ati gf 
Matter; therefore ſinet yinequ ies . 
ſame Diſtance from the attracti Body; 1 
nally ſwift by — ir is ee that - 1215 


—_— of Shirt.” d the ſame in 1 1520 
e Ney, A ace, Which 7 


Searitt les towards the Exch, Pproportil | 
their Quantity of Matter. But the mutual” Bd 73 | 
wity of Al theſe Bidies towar 55 another is N a 
2 beeauſe it is excee cy en mall in reſpec 
e towards rth ; and there- 
—＋ cannot diſturb t ir "Motion ariſing frot | 
their Gravity towards 'the Earth; at leaſt,” ſo * 190 


4s to make any ſenſible © in iche has al 
of their Motions: + PF, 1 


Vol. II. | >». ; We 


210 Mathematical Elements, Book IV. 
; „We ſhall pre 72 ſhew, by Method, 
that this umiverfal Copy, all the Parricles 
of. N N they ac. upog one another, 
e . 
e 


proy d weng, % h ay th 
third Part 0 = aw, which, we ex- 
19 amine, is, that Gravity decreaſes; when the Di- 
_. ſance 'encreaſes, and is inverſly as the Square of 
Fry -. the Diſtances, Wie Alſo, follows from Phano- 
W mend, 

1241 Bodies, upon % Gravity, ads according 
" 5 to their Quantity! ich Gror aas in Our 2 
are-moy'd with, an; equal, Celerity in the ſame 
Seen es id ne that it is 

* matter / whether th 0 1 ate greater or 
ia aud they 2 17 he” as if chey oo equal, 
But in this Caſt Fi 5 toward —— Point 
in — inverſe Ratio re of 
WE ow. — , Eo — Bodies 
- BO At-var iſtances from it, and are kept 
ircles war Force; the Squares of the Fe- 
al. Times will be to 9 b as the 
"2399 , be of 5 Dine Which is demon- 
rated 25 ro obtain (in reſpe& of 
= Dieners 79 Jin Elliptic Lines, whoſe 
beer are directed to. their Toci. But this is 
the Caſe in Bodies which revolve About the Sun, 
"9746 aturn and Jupiter; whence it. follows, that the 
orce of Gravity, receding from the Centers of 
= Bodies, Gee in an, inverſe ] atio o 


e Squares of the n 

1222, By this TN ry Ha luppoling Gravity. pro- 
portional to the, Quantity, of; Fe we de- 
monſtrate, that i Frente = in . Ratio 
the Square 0 85 Aud by the 
lame Reaſoning; ſuppg 22 — l of 

Gravity to be in this Proportion, it follows, that 
Gavity i is proportional to the Quantit ty of Mat- 

1 as is very W 

| » if | 1 | 1 0 But 


its Agitation is ſo ſmall, i 


Bock IV. f Natural Philoſophy. 

BgBut we prove by another Argument, that the 
\Diminurion of Gravity, ſo often mention dis in 
an inverſe. Ratio of the Square of the D.Ntance; ; 
ſo that there can remain po. t concerning 
. two Laws.d, Gravity, which we now treat 


The Planets, are l in (Oldies at 297 * 1223 | 
and are kept in them by Forces, which are di- * 929 
tected to an Excentric das but it is plain, * gg, 
that this wou'd:not obtain, i f the central þ orce 
yy not encreaſe in an Inverſe Ratio of the Square 241, 

of the Diſtance.* 5 20g 
| 41 follows from 5 K Reaſoning, that 1 e- 1224 
ceding from, the Center of the Earth, Gravity | 
decreaſes according to the {ſame Law. For : 
is retain d in its Orbit by 2 Force whict 
tends towards the Center of the Earth, that is, 
to an Excentric Point :* And tho the Line of * 967, 
the Apſides is not carried b y 2 parallel Motion, 946 

we conſider every 225 

Revolution, that it may be look'd upon here as 
quieſcent: For if we compute the Force which 
keeps the Moon in its Orbit. ſo agitated, we 
ſhall find the Diminution of the Force of Gra- 
vity in reſpe& of the Moon, to differ veiy little 
from an Inverſe Ratio of the Square of the Di- 
ſtance ; and we, ſhall ſhew hereafter that this 
Difference depends upon the Action of the Sun. 

And no Doubt will remain concerning this 1225 
Diminution, if we conſider, that the Moon 15 kept 
in its Orbit by, that very Force, wherewith Bodies are 5 
carried towards the Earth, near the Earth's Surface ; 7 
which is diminiſh'd, according do the Law of | 
Diminution ſo; often mention d. The Mean Di- 
Rang of the Moon is 60: Semidiameters of the 


Earth: We have before ſhe wu, that a Diame- Og 
ter of the Earth contains 34006699 Ruland — 
Pere bes whence . Periodical Time, * 976 

Vol. HI. 


We 
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A dd diſcover that the Moon in one Mi- 
mute: of Time, goes through 1642 5 Rhynland 
Perches of her tbit. This Arr is not the hun- 
dredth Part of one Degree, and map be look'd 
upon as its N therefore the Diameter of 

: its Orbit is e his Arc, as the Arc itſelf is to 
tts Verled 8 ch is dſeover d ro be of 


| FEES p her, alt the ai of he Moon 
Aud Earth, a they" come towards each orbef, 
on rfly as the Quagtities of Matter in them; 
uch is allo" deduced from the equal Quantity 
1 > .# Motion doch 5 in each Body. There fore 


Gy 'this we diſcover how much of 
= aforeſai Space Tor 15,736 Feet) is gone 
to PORES 5 the Quantity of Matter 


0 Bodies, 8 © the Gn Matter in 
the Earth: 80 is Spare” gone nt by both 
This ies in their mutual Acceſs towards eath 
er, to the Way Zone thro by the Moon on- 
1y.” The Quantities of Matter in the Moon 
aud in the Earth, as we ſhall ew hereafter, are 
*:* T6 e 1, to 39, 37; 0 49730 $to 
35, 7 * 018 to 15,344 ene 
Which therefore Lon ye be gohe 
thro” 5 ne iner by eny Body, which ue the 


don's Diſtanct impell'd'by 'Gravi 
dene. the cr This i Fore tg in 2 
Inverſe Ratip of the Square of the Diſtance 


| fone he Center, "ho Space gone thro” in the 
_ "fame Time at the Diftarice of a Semidiametet 
of the Earth, Har is, on its Surface, will be 
Oe Sec 60 0 


Fr Doan acc. cc wc. aw. 
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gl N 60; Xi 5344; (wiz. ) 56158 Feet; but becauſe. 
in every Motion equably accelerated, as here, 
(for we conſider the Force as remoy d from the 
Earth's Center to the Diſtance of its Surface) 
the Squares of the Times are as the Spaces gone 
thro in the Fall;“ by dividing the Number by * 121 
& N Sof that is 3600; we have the Spacer 
gove thro! by a Body in one Second, near the 
Earth's Surface, by the Faroe with which the 
Moon is kept in its Orbit, —_— is: diſcover 4872 
to ba 15, 6. Nyynlaud Feet. yn 
Now if we exathine the Gravity. which we 
daily find in: all: Badies:near the Earth's Sur- 
Aue it. is plain, from hat has been ſaid co 72 
cerning tlie Motion ums, and from 1 % 
Experiments made upon endulums, that a Bo- 155 
dy in falling goes thro 13, 6. Rhynland Feet in 
ene Second of Time, and thexeſore falls with 
the Force by which the-Moon is kept in its O- 
bit. ) Df 210 22m od: To A „ Nr 
In this Computation we have neglected to 
conſider the Action of the Sun, becauſe it is 
mall, and ſometimes enertaſes, ſometimes di- 
miniſhes the Gravity- of che Moon towards 550 


1127 7 21 p 7 N 
11241 10 01 i db. 


Earth. 

We have conſider d the Centers of Bodies in 
examining the Law: of the Diminution of, Gra- -; -; 
rity, altho Gravi belongs to alt the Particles, 
of Bodies; becauſe it is plain by Mathematical 
Demonſtration, that e of a ſpherical Bo- 1236 
dy (in which; in every ti Particles that art 
equally" diſtant from: 2 Center, are homogeneous, and 
which 1s ap of on towards which. there is 
a Gravity that decreaſes, receding from each of them 
in an Irverſe. Ratio.of the Hudre of the Diſtance) is 
direfled towards the Center of the Body, and tecading © 
from it, is diminiſſ d in the ſame Jnverſe Ratio of: 


— 2 
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was collected in its Center. be 12 p deduce 

the following Concluſions. 

1227 That ox the Surface of Bodies, in which the 
| Matter is homogeneous” at equal Diftancer from the 
Center, the Gravity i; 1 as the Quantity of Mat- 
* 12074108; and inverſly' as the e of the Diameter; 
1208 (gf in theſe Bodies the s'from the Cen- 

ter are as the Diameter s. 

1228 That on the Surfaces of Boliet that are. ſpherical, 
homogeneous, and equal, the-Gravities are as the Den- 
fies of the Badia; ſor the Diſtances from the 
Oenter are equal; in which Caſe: the Forces of 

*1209 Gravity | are-'as: the "Quantities of Matter; 
* 19 which, in equal , are as their Denſities. 


That on 10% Surfaces of Bodies that ave ſpherical, 
$2 29 qual, homogenedzs,” and equally denſe, the Gravi- 

tio, are pets. as che Squares ob the Diame- 
*1208 kets,* becaufe'the Per Vs roes from the Center are 


izc in the Ratio * thoſe Diameters,* the Gravities 


alſo ate directly as che Cubes of their Diame- 


ters; for the Quantities of Matter in Spheres 
are in that Ratio: And the Ratio compounded 
_ of: that dirett Ratio of the Cubes of the Dia- 
meters; and the Inverſe Ratio of their Squares, 
is the direct Ratio of the” Draimerers themſelves. 
1230 Therefore, lol the Denſities and the Diame- 
ters differ, the' Grabitiet on the Surfaces will be in a 
1228 5 unded of ib Dent ier and the Diame- 
Iiir“ Therefore viding the Gravity on the 
2 by the Diameter, you will have the 
1231 Deufity ; which conſequent!y ir in a dire Ratio 
of the\ Gravity on e Surface, _ uy Wy. Ratio 

of "the \Diameter;\ " Wies 
1232 REA a Body be "Plac'd in a' « Shore th ans: 
| ow,- and every" where - f the — 
— 55 ere it be plac 47 it har 10 Gravity, 
ole Gravities III toying one 


another 


acts, as if all the Matter of which it conſiſts, 
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another preciſely: Whence it follows, that in 411233 
homogeneous Sphere, a Body coming towards the 
Center, gravitates towards the Center only from 
the Action of the Sphere, whoſe Semidiame- 
ter is the Diſtance of the Body from the Center, 
which Gravity decreaſes in coming towards the Cen- 
ter, in the Ratio of the Diftance from the Center ;** 1229 
for all Matter, which is at à greater Diſtance 
from the Center, forms an hollow Sphere, in 
which the ſeveral Actions on a Body deliroy. 
each other“ *1232 
We have ſaid that the Graviey, which we 
have hitherto explain'd, is to be taken for a 
Law of Nature, 'becauſs we don't know the 
Cauſe of it; and becauſe it depends upon no 
Cauſe that is known to us, which will evidently 
appear, if we attend to what follows. 
(V.) That Gravity requires the Preſence of the 1234 
umalting Body; ſo the Satellites of Jupiter, ex. 
Sravitate towards Jupiter „ vhereſoever it 


1212 
That the Diſtance remaining the "fan the Cel 1235 
rity with which Bodies are carried by Gravity, de- 
pends * the Quantity of Matter in the attrafig * 1207 


Boch And that the Celerity is not chang d, let the 1236 
Maſs of the gravitating Body be -what it will,® :-1* 1207 


Beſides that, i Gravity depended upon am e 1237 
Law of Motion, it ought to be referr d to u Stroke 
from an extraneous Body ; and becauſe — 2 
continual, a continual Stroke won d be requir d. 

It there be Tach a ſort of Matter continually 
ſtriking againſt Bodies, it muſt of Neceſſity be 
fluid, and very ſubtle, ſo as to penetrate all Bo- 
dies; for Bodies that are any how ſhut up it in 
others, are heavy. 14 

Now let . I conſiders 9 1 8 
2 Fluid ſo ſubtle, as freely to penetrate! the Pores 
of all Boda, and ſo 2 28 not ſenſibly 2 
911 4 e 


216 \ MathentaticahElements Bock IV. 
ü 06s the 2 Badies, (for in à Place void 
Air the on of & Pendulum will be CON» 
90 very long ) can impel vaſt Bodies towards 
one another with ſo much Force? Let him ex- 
plaia how this Force enereaſes in a Ratio of the 
Maſs ol the Red: mand. which OW is 
*1235 carried.“ e 
. Laſth,. Let A 8 ſeems: moſt diſk 
cult to me, how all:Bodics, in any Situation 
Whatſosver (if the Diſtonce, and the Bod fun) 
wards which the Gravitation i is, remain the * 
1236 age cartied with the ſame Velocity;“ that is, 
bow. a Liquid vhich can only act on the Sur-! 
faces, either of the Bodies themſelres, or their 
internal Particles, to which it is not hindert d 
from coming by che Interpoſition of ockier Par- 
ricles, can eommimnicate ſuch a ty of Mo- 
tion to Bodies, labs in all Bodies Ry fol- 
lows the Proportion: of the Quantity of Matter in 
them v and which j in this Chapter we have prov'd 
to obtain every where in Gravity, and which 
vr have demaniratediby.a direct Experiment in 
255 reſpc& of the Gtavity.nexr the Earth's Surface. 
rage: Lat we don't ſey, chat Gravity) does not 
en du Strobe, but that it does not — from 
that Stroke, according ta am Laws known to us, 
des öde confaſa that we are en rede of 
the, Cava of Gravity: 
e = — er Ys 


» nun 


ae COEA b. t SA 
| by the Celeſtia wil Matter 95 a; ting Vaewun 
Kfer it provid,” Py 
Won as n 3847 22100 201! 
HI. NG explain'd the Laws whereby 
the whole Planetary Syſtem is govern'd, 
ſeveral Things muſt be ürſt laid down, before 
be proceed — an" the 
yſtem. 
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Book V. of Natural" Philoſophy." 
Syſtem, We muſt begin by ſaying ſomething of 
the Celeſtial Matter, that is, of the Wal 
in which- the Bodies that make bp th 


——— 
are mov d, which would be done in few Words, 


if all Philoſophers agreed that there is A Vacuum. 
We have before prov'd that x Vacuum is poſ- 
fible; now we are to demonſtrate that there is 


deduce a Vacuum; and this is à very common 


and uſual way of proving it; to ſee the Force 


of which Argument, we muſt confider, that in- 
deed: all: Motions are not impoſſible without a 
Vacuum, but moſt of thoſe which are daily ob- 
ferv d; which — 7 be fully evinc'd by a longer 
Biſcuſſion: But it ſeems to me to be fo evident 
from the following Confideration, that it 

be nleleßd 0 add uch more. 
The Figure of the feaſt Particles is unchange- 
Ale; for the Particle, whoſe Figure may be 
Rae's, conſiſts of ſmaller Partidles, which are 
— 1 reſent ——— 85 and . if 
it has a: c angeable Figure it is not one 

leaſt Parts. I 1930 11-21 a N ook 34 el 1 
But if the Figure of theſe Particles be un- 
changeable, and 4 Body can move between them, 
without ſuch à Separation of the Particles as to 
feave a void Space, this will depend on the Fi- 
gure of the Particles, and the Relation which 
they have to one another, which a Mathemati- 
6ian will not deny: Therefore, if keeping Things 
in this State (as to their Figure and Relation) 
the Particles are encreas d, even in that Cafe 
Bodies may be mov'd without a' Fatuum:. * 
No ſuppoſing the ſmalleſt Particles encreas d 
to the Bigneſs of à Cubic Foot, whatever be 


their Figure and Relation with the other Parts, 


which we fappoſe encteas'd in the fame Propor- 


don as the firſt3"fet any one confider, whether 


Bodies 


217 


913 


really one: Prom otly confidering Motion we can 1239 
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thoſe, Fatts in Right Lines, and in all Sorts of 
Curves, and yet never ſeparate the Particles ſo 
to leave Vacuities between them. 
"We cannot conceive: how the moſt ſubtle Parts. 
are made, and therefore often attribute to them 
- ſuch Properties as do not follow from their Fi- 


gure; but theſe Errors will be corrected, by ima- 


gining rhe Particles encreas d. e 
1240 "* 4 0 1 Vacuum by an Argument raken 


We have laid that Matter; is ; inaRive ; * — 
* diſpuze,abour the Word, but no Man denies the 
Thing; whence it follows; that a $$ Bagy cannot 
move chro id, without unde going a Dont Th 
* 319{iſtance,* con val auen a Retarda 

zo Reliſtance ariſi ing from the Inertia 3 .the:. 
rer, Lare Rebitance: alone is here cou 8 


lates to — 9 —— muſt 1 ng Re- 

gard to the Subtility 8 Fluid, a6 long, 5 
it cannot e the Pores ol we 
come to ch a Fineneſs of Parrs, that a Fluid 
ry TEN penetrate 3 it wil ; els relilt 
d Ya! 1 . Aer 

Now let us ſuppaſe a auy Ball or ſpheric Body 

ro. be mov d along in a, Medium of the —ç 
Denſity as itſelf, and ſo cloſe, 7 the Parts of 
the Medium cannot paſs thro' 858 the 
Body ; 3 this Bod] will. be retarded ev 

ment, ſo that its Velocity at laſt will be le d 
to half; (as may prov'd by $6 A 
Demovſtration) ore the Body has ee 
twice the Length of. its. Diameter. 9 


5 


Bodies of any. Rigneſs can be carried between 
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n In order to apply this Propoſition to a Mo- 
f tion in a very ſubtle Fluid, which freely pene- 
0 trates the Pores of all Bodies, and fills all Pla- 
n 

m 

1 

4 


ces, we muſt conceive a ſpherical Body without 
any Pores at all; and that ſuch a Body may be 
ſuppos d, by imagining all the Particles of Mat- 
ter cloſely join'd, no coop will deny: - 94 
That the Reſiſtance of ſuch a Body in any 
Fluid does not depend upon the Bignall of the 
Parts of the Fluid, and is the ſame, whether 
the Parts of the Fluid be equal, or any how un- 
eh is evident. 1 0 to Yell anova 
If every Thing be full of Matter, this Body 
can only move thro! a Fluid of the ſame Den- 
fity as itſelf; for it muſt run againſt all the Mat- 
ter which is in thoſe Places thro which it paſ- 
ſes; and in them the Matter is without Intetſti- 
ces as it is in the Body; therefore it will loſe 
half its Velocity before it has run through the 
Length of twice its Diameter. 
No let us 2 the Body to be encreas d, 
the Quantity of Matter remaining the ſame, 
and the Body continuing homogeneous; that is, 
let there be Pores in the Body, thro which the 
moſt ſubtle Particles of Matter may paſs very 
freely; and let theſe Pores be equally diſpers d 
all over the Body. If the Body, thus chang d, 
be mod, the very ſubtle Fluid of which we 
15 ſpeak will not run againſt the whole Surface, but 
dy only thoſe Parts of the Surface which are be- 
me tween the Pores, which Parts being taken toge- 
cr ther; becauſe we ſuppoſe the Body homogene- 
ous, ate equal to the Surface of the Body in the 
CC firſt Sappoſition, when we conceiv'd it to be 
ed without Pores ; for the Body being encreas'd, 5 
cal the Surface has not been chang'd, but only dila- 
wy ted by the Interpoſition of Pores': So that in 
92 oth Caſes the Body will undergo the ſame Re- 
In es ſiſtance 


1 
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ſiſtance from the impulſe upou the Surface; and 

the Reſiſtance on the dilated Body is greater 
from the Fluid running againſt the internal Parts 
of the Body. Wherefore this Body will ſooner 
laſe half its Motion in the ſecond, than in the. 
firſt. Caſe ; that is before it has run thro” the 
Length of two Diameter of the firſt ſuppos d 
Bigneſs; and therefore it loſes a greater Quan- 

tuy of Mation, in going thro two Diameters: 
of the Bigneſs ſuppos d in the ſecond Caſe. 
- But this is conttary to Experience; for a ho- 


mogeneous Ball of Gold, or Lead, Ec. loſes a 


nuichileſs Quantity of Motion than what we have 
mention d, in Water ot Air; whence it follows, 
that! the Suppoſition that alt: Things are full ot 
Matter, is falſe: Thereſore thete is a Vacuum. 


1241 Tr there it a Vacuum does alſo agree with the. 


Phenomena | relating 20 Gravity ; by which it f 

lows that it is proportionat to the Quantity of 
Matter. If all was full of Matter, Gravity 
wou'd ad equall/ every way, and the Forces 
which are directed towards dp poſite Parts wou'd 
deſtroy! one another; and therefore no ſenſible 


to Experience. 171 $0, lo 25101140 Nun e! 


Theſe being premis d, we muſt return to the 
Celeſtial Matter. 


1 the heavenly Bodies do not 


upon the Motion of the Celeſtial Mat- 


1238; ter, if there be fuch a Matter; ' whereby is overs 


thrown #he Opinion of thoſe” which ſay 'that the 'hea* 
van Bodies are carried along by the common Morion 
of the Mattel which - fils our Sy This Opinion 
is alſo overthrown by the Motion of the: Co- 


mets; if there was 4 Medium in the Syſtem 


which carried about the Planets in its Motion, 
and alfo the Comets, it wou'd at leaſt ſenſibly 
diſtard theſe laſt in their Motions, Whilſt they 


come 


coak. AS e e ö aan 3c. P AO 
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B handled in the foregoing Chapter, there is 


rectly recede from it or ate catried in Antereden- 
tina; that is, in a Motion coatraty to the Mo- 
tion of that Matter: Now as this Motion is not 


diſturb' d, but follows the Way'twhich' depends 


n Gravity, as it is obſerv'd, it is plain, that 
if there be any Cœleſtial Matter, and chat is in 
Motion, it does not exert à ſenſible Action on 
the Bodies of the Planetary Syſtem, which is 
alſo deduc'd from the ſmall Rłſiſtance of ſuch 
a Medium; for by comparing the moſt ancient 
Obſervations with the Modern, it does not ap- 
pear that the Planets are ſenſibly retarded in 
their Motions. Let in Air the Reſiſtance is 
ſenſible; wherefore the Denſity of che Medium 
in vhich the Planets'ſhon'd move; muſt be al- 


ir nor M d, wnleſs it be by ſuch à very ſubtle Medium. 
But we may from the Diviſibility of Matter 
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molt immenſly leſs ; therefore the Planetary Syſtem 1243 


deduce, that a Quantity of Matter, how ſmal! © : 


foever it be, may be diſpets d all over the Pla- 
e „ leaving but very ſmall Inter- 
ICES, © an de WAY \ry 0 es 1 
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Concerning the Motion of the Earth, | 
ESIDES the Queſtion that has been 


another to be examin'd; before we proceed 
to the Explication of ehe whole Syſtem. 


Thar no: Doubt may remain concerning rhe 


ſtem, which has been explain'd in the firſt 

apter of this Book, we muſt here prove the 
Motion of the Earth, concerning which it is no 
Wonder that many have doubted; for the Cee- 
214 2 


leſtial 


11 
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leſtial Motions; cannot be determin'd by us, but 
by . Obſervations made by Obſervers on the 
Earth; and the ſame Phæuomena appear, we · 
ther the Bodies themſelyes be mov d, or the 
* 993 Spectator be mov d ＋—— 
prov d by immediate Obſerrations, whether the 
otion of. the Earth is to be ocſerr'd to maden 
venly Bodies or not. on 2 
1244 That the Earth is * about ids Sun, OY — 
duc d form the Analogy of the Motions, and from as 
Examen of tbe Laws of Nature. 
As to what relates to the Analogy of the 
Motions, it is to be obſery'd, that Satellites re- 
volve about Jupiter and Saürn, which are leſs 
than the central Body; that the Moon revolves 
22 the Earth, than which it is leſs; Laſth, 
That the Sun has revolving about it leſs Bo- 
dies than itſelf, as Mercury, Venus, Mars, Jupiter, 
and Saturn : Now if the Earth revolves with the 
1245 reſt, then every where in our Hſtem the leſſer Bodies 
move about the greater; now there wou'd be an Ex- 
ception in this Rule in reſpeft of the Sun, if that vaſt 
„975 Body was to go round ſo ſmall a Body as the Earth*. 
About the Sun, Jupiter and Saturn, about 
which ſeveral Bodies revolve, thoſe move the ſtow- 
1246 eſt which are moſt diſtant from the central Body, and 
according to this Rule, that the Squares of the 
Periodical Times follow the Ratio of the Cubes 
* 974 of the Diſtances ;* which Rule may be applied 
to the Earth, if it be carried about the Sun with 
the- reſt of the Planets, as appears, if its Perio- 
dical Time ( namely the Time in which the Sun 
appears to perform an entire Revolution) and 
its Diſtance. from the Sun be compar'd with the 
Diſtances and Periodical Mun of * reſt of 
the Planets. 
No this Rule bas * one on. if the 


Lunt being moved abour, the Earth is at reſt. * 
© £3315): * ; | ho 
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Caſe; Mercury, Venus) Mart, Jupiter, and Saturn, 
are ſubiect to this Rule in their Motions, as alſo 
the ſive Satellites of Saturn, and the four Planets 
that accompany Jupiter; only the Moon and — 
dun: wou d moye about. the Earth in a P 
tion quite different; and then the Celerity che 
Sun wow'd not only be greater than is requir'd by 
this Law, but its Velocity wou d at leaſt bei ſix 
and twenty times greater than that of the Moon, 
tho it. be remoy d to a vaſt Diſtance from the 
Earth, in reſpect to the Moon's Diſtauce: And 
— in this teſpect, the Analogy of the Cer | 
leſtial Motions: woud be, diſturb'dz>22: v 
15 — —— — othets-where: 
it will clearly appear, that the: Motion 
the Earth is a neceſſary Conſequence of the Laws 
of Nature, which are Kada a ns Fhno- 


All. Bodies orevitate. ee abe n e ry 
therefore the Sun and Earth do; but the — 
tion, Whereby theſe Bodies tend towards one 
another, is deducd from direct Obſervations. 
Whichſoever of theſe Bodies moves about the 
other, deſcribes Area's by Lines drawn to the 
Center of it, proportional to the Times, which 
is evident from Aſtronomical Obſervations; 
theteſore the Body mov d is retain'd in a Curve 
by a Force, which is directed towards the Cen- 
ter of the other.“ Now as Re- action is always 226 

ha 4 to Action,“ unleſs the Laws of Nature, 126 
ich obtain conſtantly every where, be wholly 
erturn d, theſe two Bodies tend towards one 
—— with equal Motions ; that is, with Ce- 


lerities that are inverſiy as their Maſles;*-which * 9 


is alſo immediately deauc d from the: ___ of 

Gravity.” 7 * 2235 
The Quantity of Matter i in the Earth i is next 

to creme in compatiſon to the Quantity af 


Matter 


1 
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Matter lin the Sun as wh hall ſhew in the fol. 
lowing Chaptet; wherefore-the - S muſt: mow 
very :fowly, ud the Kareh: damos towards ii vory 
| IS 007A Sc 1.0 4 N NSG MmO OM 35143 
Whence at follows, chat che Rarth'-1s carried 
round the gun, leſt it ſhon'd? fall upon the Sun 
by that vrryi vinlent Mation hereby it is re- 
rind nds Orb, » ei d hl et 
This: Motion of the Earth is alſo deduced 
from the ſame Nrinbiples, another way 120 
Tuo Bodies that are carried towards one an- 
notler by any Force, will at laſt concur, ox con- 
tinually recede from one another, unleſs eck 
cf them be ſo mod as to have a Ceutrifhigal 
Force equal to the Foree Where. it is carr 
towards the other Body; but as the Buddies 
which! gravitate towards ont another, / tend to 
* 126 wards each other with equal Forces,“ or what 
*.65; is cht ſame; with Celcrities thut are inverſly. as 
*3233 tht Quantitibs of Matter ;* theſe Bodies cunnot 
- 1248 petſenare in their Motiohs about one another, 
| unleſs botii df them be ſo':mov'd, as to have 
equal oeutrifugal Forces, which does not happen, 
unleſs they both xtvot Ye in equal Times about 
their common Center of Gravity; that is, if 
chis Propoſitibn be applied to the Sun and Earth, 
unleſs they both mote abo A Point, whoſe 
| Diſtance tom che Cemer? of the Sun is to its 
Diſtance from thel Center of the Earth, as the 
Quantity of Matter in the Earth is to the Quan- 
_ rity of Matter in the 8 un; they vary — 
234, in their Motions about one atiorher-* This Point 
235 or Center of Gtuxity muſt of Conſequence be 
-) * very«near-to'the? Sun's Center. Now ſince 
whichſdever of cheſe Bodies moves, it perſe - 
* veres in its Motion about the other, it follows, 
that bothvof them are affected by the Motions 
W ⏑ the Sun . 
. | at 
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but a little, whilſt the Earth deſcribes a very 


great Orbit. Whence it follows, that the Mo- 
tion of the Earth cannot be denied by any one 
who reaſons from the Laws of Motion that are 
deduc'd from Phznomena. 


Having prov'd the annual Motion of the Earth, 1 249 


and brought back the Earth amongſt the Planets, 


there remains but little Difficulty in Relation to 


the Motion of it about' its Axis; for no Body 


that believes the annual Motion, doubts of this; 


a great many which allow of the Motion about 
the Axis, deny the Annual Motion; therefore it 
will be enough to obſerve by the By, that all 
the Planets, concerning which any Obſerva- 
tions cou'd be made in reſpe& of this Motion, 
do move about their Axes; and that the Earth 
has ſuch a Motion, the uniform diurnal Motion in 
Bodies at any Diſtances, does plainly enough ſhew. To 
which we muſt add, that the Celerity of the 
fix'd Stars going thro one whole Revolution in 
leſs than 24 Hours, can hardly be more proba- 
ble than it is conceivable. 

This Motion alſo is diſagreeable to the Na- 


ture of all the heavenly Bodies; for, if they are 1250 


carried round, they muſt every Day, with an 


equable Motion, deſcribe Circles that have the 
Earth for their Center; that is, they muſt, by 
Lines drawn to the Center of the Earth, ſweep 


thro” Area's proportionable to the Times, and 


be retain'd in their Orbits by Forces which are 


directed towards the Center of the Earth,“ and 226 
by which (by reaſon that Action and Re- action“ 126 


are equal) the Earth muſt alſo be continually at- 
tracted towards thoſe Bodies; ſo that it muſt ne- 
ceſſarily be agitated by a very violent Motion; whence 
it appears that the diurnat Motion muſt not 
rd to the heavenly Bodies, but to the 
Rotation of the Earth about its Axis. 


Vo 1. II. 2 Thoſe 
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1251 | Thoſe that obſtinately affirm that the Earth 
s at reſt, object that Bodies, upon the Surface 
of the Earth, muſt (on account of their centri- 
fugal Force) recede from the. Earth, along a 
*217 Tangent to a Circle parallel to the Equator.“ 
We anſwer, that the Bodies in the Places where 
they are, are carried round with the ſame Mo- 
tion as the Surface of the Earth; and therefore, 

that in reſpect of the Points of the Surface, they 
endeavour to recede in Lines perpendicular to 
zg the Axis ;* but alſo that Bodies by Gravity tend 
aas to the Center of the Earth;“ and therefore by a 
Motion compounded of both theſe, the Body is 

190, continually mov'd, or endeavours to move ;* but 
19% becauſe the firſt Motion is extremely ſmall in re- 
ſpect of the other, a heavy Body is turn'd but very 
little out of its Direction towards the Center, 
and the Gravity is a little diminiſh'd, ſo much 
the more as the Place is more diſtant from the 
Pole; which agrees with Experience. We ſhall 
hereafter ſhew, when we come to ſpeak of the 
Figure of the Earth, that the above-mention'd 
Direction of heavy Bodies, is every where di- 
rected perpendicularly to the Surface of the 
Earth. A Body which is thrown upwards, is 
acted upon not only by the Motion wherewith 

it is thrown up; but it is alſo carried by the 
Motion that is impreſs d to the Perſon or Ma- 
chine that impels the Body; that is, it is car- 
ried by the Motion which is common vith the 
Surface of the Earth; and therefore the Body 
moves in the ſame Line (the Line being carried 
on with the Surface of the Earth) as it would 
do if the Earth was at reſt. | 
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CHAR aw. | 
i Concerning the Denſity of the Planets: 


* 


: BE FORE we proceed to the Pliyſical Ex- 
- DQ planation of the Syſtem, we muſt deter- 
a mine the Quantities of Matter in ſome Bodies, 
7 and their Diverſities; which being known, the 
) Effects of the Laws by which theſe Bodies are 
1 govern'd, will more eaſily appear; *« 
a The Quantities of Matter in different Bodies; 
8 are to one another, as the Gtavities at the ſame 
t Diſtance from theſe Bodies; “ which Gravities · 1205 
— are to one another inverſly as the Squares of the 
y Periodical Times of the Bodies revolving about 
1 thoſe different Bodies at the ſame Diſtance.“ * 236 
h By multiplying the Quantities which are in this 
e Ratio, by the ſame Quantity, (via.) by the Cube 
I of this Diſtance, the Ratio of theſe Quantities 
ie will not be chang'd ; which are therefore to one 
d another as the Quotients of the Diviſions of the 
i above- mention d Cube, by the Squares. of the 
1C Periodical Times aforeſaid + But the Quotient 
is of ſuch a Diviſion is found for any Body, by 
th dividing the Cube of the other Diſtance, let it 
* be what it will, by the Square of the Periodical 
a- Time of the Body revolving at that Diſtance ; 
r- for ſuch Quotients are equal to one another, 
he for all Bod ies that revolve about the ſame Body 
dy at any Diſtances; as follows from the Equality 
ed of the Ratio between the Cubes of the Di- 
1d ſtances, and the Squares of the Periodical Times 
at qthoſe Diſtances.* From which we deduce, 9 
that the Quantities of Matter in any Bodies in. our 1252 
8 Rem, are to one another direct ij as the Cubes of the | 


iflaxces dt which other 1 revolve about ſe 
/ 2 ; 


1 
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and inverſly as the Squares of the Periodical Times 
of theſe revolving Bodies. 

Theſe Things are 8 by ſetti 
aſide the Agitation of the Central Body, who o 
Quantity of Matter is enquir d after. 

By reaſon of the Sun's Magnitude, in Reſpect 
of Venus, ex gr. which alone we conſider of the 
Planets, the Sun is ſcarce mov d by the Action 

1235 that Planet.“ And Venus may be conſider d 
as moving about a quieſcent Body. 


The Satellites of Jupiter and Saturn are in- 


deed carried by the common Motion along with 
the Primary Planets, but by reaſon of the Mag- 
nitude of the Primary Planets, they are 2 
about them as about Bodies that are at reſt. 
But the Moon acts ſenſibly enough upon the 
55 Earth and movcs it; ; wherefore before we can 
compute the Moon of the Motion by the Help 
1252 of the aforeſaid Rule,* in order to compare the 
1253 Quantity of Matter in the Earth, with the 
— of Matter in the Sun, Jupiter, and 
Saturn, we muſt determine the Diſtance at which. 
the Moon would move about the Earth, if it was at 
Reſt (that is, not carried about by the Aion of the 
Maou) in the ſame: Periodical Time in tohich-it now 
= rn its Revolution. Here alſo we don't take 
otice of the Motion that is common to the 


Earth and Moon, by which they are both car- 


The Moon perſeveres in its Motion about the 
Earth; therefore the Earth and Moon ate mov d 
about a common Center of Gravity; as follows. 
from what has been demonſtrated concerning the 


"REIT and the Sun,“ and the Moon (with. that 


Force with which it tends towards the Earth,) 


revrolves in an Orbit whoſe Semi-Diameter is the 


NR W from the aforeſaid com- 
| mon 
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wu Center of Gravity of the Mon ad the 


7 L be this Diſtance of the Moon from the 
common Center of Gravity; T the Diſtance of 
the Earth from the ſame Center ; L + T there- 
fore is the Diſtante of the Moon from the Earth, 
and is 60 Semi-Diameters of the Earth; for 
here we conſider the mean Diſtance. Let D be 
the Diſtance which we would have, at which 
the Moon, by its Gravity towards the Earth, 
would move about the Earth, if it was at Reſt, 
in the ſame Time in which it is now mov'd 
about the common Center of Gravity at the 
Diſtance L. 

By reaſon of this Equality of the periodical 
Times, the Force whereby the Moon would be 
kept in its Orbit at the Diſtance D, is to the 
Force whereby it is kept in its Grbit at the 
Diſtance L, as D to L.“ * 222 

But the Force whereby the Moon would tend 
to the Earth, and be kept in its Orbit at the 
Diſtance D, is to the Force whereby it is now 
kept in its Orbit at the Diſtance . as 


L+T® to D**, Therefore et 
ener Ds IR 
Conſequently I D*=LxL+T", and D*xL+ ＋ 


e L+ L+T*: Whence | we. deduce the tollow- 
ing Pro ortion : 


LITT T D- Lr. L. | 
Therefore L+T, D: : . 4 T. is to the firſt of 
two mean Proportionals between I. ＋ T and L. 
.L+ T, is to L, as the Quantity of the Mat- 
ter in the Earth and Moon taken together, to | 
the Quantity of Matter in the Earth alone; ** 21,, 
which Quantities of Matter, as we ſhall ſhew 235 
hereafter, are to one another, as 40, 37. to 


Q 3 | 3937. 
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359,37. and the firſt of two mean Proportionals 4 
to theſe Numbers is 40,035. ; therefore 40, 3 7. is 0 
to 40,035. as 60 f to the Diſtance requitr'd, 
mw is found to be 60 Semi-Diameters of the 
rth. . ot 2 930% SEE ST SITION Bag 366th 4 
Concerning this Operation it is to be noted, 
that the Diſtance D cannot be diſcovered unleſs 
the Ratio between the Maſs of the Moon and 
the Earth be known, which cannot be deter- 
mined unleſs the Ratio between the Denſity of 
the Sun and the Earth be found ; to diſcover L 
- Which, it is neceſlary that the, Diſtance D be 
known. Wherefore D is diſcover'd at- firſt by 
Trials, and is exactly determin'd by Approxi- 
mation. But it is certain, that this is 60 Semi- 
Diameters of the Earth; becauſe, this being | 
ſuppos'd, it is found that the Ratio between | 
the Quantities of Mattet of the Moon and the | 
Earth is as 1 to 39,37. as we'ſhall ſee hereaf- 
ter; by making uſe of which Proportion, this 
Diſtance is diſcover d to be 60 Semi-Diameters, 
I 151 0-57 EE 25051 
+ Theſe Things being premiſed, we proceed to 
the Computation. 4 81 
The Diſtance of Venus from the Center of the 
Sun is 723, and its Periodical Time is 5393 
OFT 7 iT as in 3 a faarogng 
The Fourth Satellite of Jupiter is diſtant from 
the Center of 'Fupiter 12, 50% ſuch Parts of 
which Venus is diſtant from the Sun 723. The 
Periodical Time of this Satellite is 402 Hours, 
F 7 21 04: C10 02295 055% 
The Fourth Satellite of Saturn is diſtant from 
the Center of Saturn 9,292 of the ſame Parts; 
2972 and its Periodical Time is 382 Hours 41 Min.“ 
LL.aſtly, the Diſtance: of the Moon is 60 Se- 
mi- Diameters of. the Earth from its Center, and 


- 8 " y ; TE 0 99 


ener 


Book . Natural Philoſophy. 23 I 5 


2,909 of the aforeſaid Parts. Its mean Feri- 
odical Time is 655 Hours, 43 Min. 

If you divide the Cubes of theſe Diſtances 1254 
reſpectively by the Squares of their Periodical 
Times, you will have in the Quotients, Num- 
bers which are to one another as the Quantities 
of Matter in the aforeſaid Central Bodies; * 1252 
which Quotients are to one another as the fol- 
lowing ſumbers: 1 


8 the Su. In Je, In Saturs. Inthe Earth. 


ies © 
Matter ) 10000. 95248. 572230 poi. 


We have alſo the Proportion of the Diameters I 256 | 
of theſe Dodics from Aſtronomical Obſervations, 
as follows. - © 


Diane 1 the Sun. 0 Jupiter. Of Saturn. Of, the Earth. 
10000. 1077. 388g. 104. 


56 the Quantities of Matter aboveſaid be di- 1257 
vided by the Squares of the Diameters, the 
Quotients will be to-one another as the Weights 

on the . Surfaces of the aforeſaid Bodies ;* and 5122 
theſe Quotients are as the following Numbers. 


gerte 1 the Sun. Jupiter. Of Saturn. O, the Earth. 1258 
fees 10000. 797,15. 334,337. 407,832. 

II you divide theſe Numbers by the Diame- 1259 | 
ters, 'you will have the Proportion of the Den- 
ſities of thoſe Bodies.“ 1131 
The Quatients found by theſe Diviſions are 
as the fo ollowing Numbers.  - 

e tba Sun. O Jupiter Of Saturn. Of the Earth. 1 260, 
"hi 10000,,, 749%4% 6011. 39214. 


Q 4 We 


2262 The above-mention' 'd Proportion* between the Den- 
* 1269 ſities, in reſpeft of all the Bodies, and the reſt of the 


| "Mrhematica e Book IV. 
We ſhall determine [rhe Denſity of the Moon 
in the laſt Chapter. T4 


| : It is not probable that the aforeſaid Bodies 


are homogeneous, ' We ſhall ſhow in relation to 


the Earth, in the 17th Chapter, that it is den- 
ſer towards the Center than towards the Sur- 
face; from whence it follows, that the Denſi- 


*  rjes cannot be exact determin'd, wherefore we 


only determine the mean Denffrien that is, which 


1261the Bodies would have, if the fame Bodies, "keeping 


the ſame Quantity of Matter and Bulk which they 
now have, ſhould become homogeneous.” 


Computation in reſpełt f the. Sun, Jupiter, (and 
Saturn, are free from am ſenfible Error; when the) are 
- rompar'd with the Earth there may be ſome Error, 

which muſt be corrected by Obſervations to be 
made hereafter ;/ for we ſuppoſe the Diſtance of 
the Moon (which is 6 Semi-Diameters of che 
Earth) to be 2,909 ſuch Parts, of which Ve. 
nus is diſtant from the Sun 723, that is, of 


| * 959-which the Earth is diſtant from the Sun 1000 ;* 


950 which Diſtance: of the Moon is diſcover'd” by 
- ſuppoſing the [Horizontal Parallax of the Sun 
10% which cannot be look ' d upon as abſolutely 
true, altho it be deduc'd from the moſt 2 


Obſervations that have hitherto been made, of 


the Parallax of Mars, when it is neareſt of all 
to the Earth, which is too ſmall to leave us 


mn 73168 withour Suſpicion. of ſome Miſtake.“ 


But the Error in not determining truly the 

. * Proportion between the Semi Diameter of the 

Earth and the Diſtance from the Sun, does not 

change the determin'd Denfity'of the Farth, as 
is deduced N Computations made ahout it. 

For it fo from theſe, that the Denſities 

of ONO one another in à Ratio com- 

| pounded 


ol 
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pounded of the direct Ratio of the Cubes of 
the Diſtances of the Bodies carried about, and 
the inverſe Ratio of the Squares of the Periodical 
Times of theſe reyolving Bodies; * as alſo of“ 123 
the inverſe Ratio of the Cubes of the Diameters | 
of the Central Bodies whoſe Denſities are re- 
quir d;“ the Ratio compounded of theſe, is 1257 
compounded of the direct Ratio of a Fraction 1259 
whoſe Numerator is the Cube of the Diſtance _ . 
of the revolving.Body, and whoſe Denominator 
is the Cube of the Diameter of the Central Bo- 

dy, and the inverſe Ratio of the Square of the 
prog Time of the Body carried about. 

t you have ſuch a FraRion, if you know the 
Ratio between the Diameter of the Central 
Body, and the Diſtance of the revolving Body 
from that Center, altho' this Diſtance can be 
compar'd with no other; but this Ratio is given 
in reſpect of the Earth and Moon, as well as in 
reſpect of the other Bodies; wherefore alſo the 
Ratio of the Denſity of the Earth to the Denſi- 
ties of the other Bodies is exactly diſcover d. 


e 1 3 | 4.5 


OY th. — — 


The Phyſical Explanation of the wbole Pla-. 
, * 2 9 | netary Syſtem. | * 8 


IN the firſt Part of this Book we have ſhewn - 

what are the Motions of the Bodies in the * 32, 
Planetary Syſtem ; now we muſt explain how 124, 
theſe Motions follow from the Laws of Nature # 126. 


A Ns a . M e 1206, 
chat is, how theſe Bodies being once put in mo- 120%, 


tion, perſevere in thoſe Motions which we obſerve. 1205 


Let us conceive the Sun and Mercury to be left 1263 

to themſelves, and they will come together; 1206 

bur if they be projected, they may revolve about 
. bs | Lees 
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à common Center of Gravity in equal Times, 
*,2482nd deſcribe immoveable Ecliptic Lines ;* and 
—— rſeyere in that Motion; for jt is plain, 
by Mathematical Demonſtration in that Caſe, 

that the Bodies will deſcribe Ellipſes about the 
common Center of Gravity, ſimilar to that which 
one of them could deſcribe with the ſame Forces 
a about the other, if it was at reſt : This Center, 
*225 On account of 'the Sun's Magnitude,* is very 

_ little diſtant from the Center of the Sun itſelf. 

Let us conceive beſides, Yenus to be projected 
at a greater Diſtance from the Sun, it will 2 
little diſturb the Motion of Mer 17 "which atſo 
by its Action upon Venus, will turn it a Aitrls 
out of the Way, and both will draw the Sun, 

| ſometimes the lame Way and ſometimes differen 
Ways ; but we find all theſe Trregularities are 
inſenſible, if we conſider the Magnitude of the 
Sun'; and therefore at theſe three Bodies tend 

towards a Point that 1s between them near the 
Sun, which therefore is very little diſtant from 
the common Center of Gravity of them all. 

If the Earth, Mars, and the other Planets be 
ſucceſſively projected at different Diſtances from 
the Sun, the fame Reaſoning will hold 

1264 Whence.i it follows, that all the Plauets are revolv 25 
about the common Center of Gravity of all the Bodies 
which 2 the Syſtem, which is but little di- 
ſtant from the Sun, and that the Planets do not 
ſenſibl y diſturb one another in their Motions; 

5 126 5 wherefore they al deſcribe the ſame Lines ſingh, 

which they would deſcribe about the Sun, if every one 
of them was alone with the Sun in the Dey 

Lem, that is, immoveahle Ellipſes: For ＋ 

5 plain, that theſe will be defcrib'd by the Force 

*12080f Gravity ;* and it is provid by Mathematical 

24 Demonſtrar on, that no other PO 5 


centric 
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centric Lines can be deſcrib'd by a Central Force 
acting equally at equal Diſtances. 
It will alſo more plainly appear, that all the 
Planets tend to a Point near the Sun, if we con- 


ſider that the Quantity of Matter in the Sun is 


a thouſand times, and more, greater than the © 


uantity of Matter in Jupiter, which is far the 
gfcateſt of all the Planets.“ 22 


Sun but little, yet they do move it, and draw 

it differently according to their different Situa- 
tion in reſpect of one another, whence there a- 
riſes a ſmall Motion in the Sun, which always de- 
pends upon the Motion already acquir'd, and 
the Change which happens in it from the Action 
above-mention'd, which varies every Moment. 


. i owing to this Agitation of the Sun, that the 1267 


Planets diſturb one another leſs in their Elliptic Mo- 
tions round the Sun, than if the Sun was at Reſt in 
the" Middle of the Syſtem. If Jupiter, ex gr. was 
equally diſtant from Mercury and the Sun, it 
would attract both thoſe Bodies to itſelf with 


an equal Celerity,* whence the Situation in re- 


ſpe& of the Sun is leſs chang'd than if the Sun 


| was not agitated by this Motion, and Mercury 


only was attracted by Fupiter : According to the 
various Diſtances of Mercury and the Sun from 


| 2 the one or the other is more attracted, 
an 


there is always a leſs Change in their re- 
mm Situation when both are carried the 
me Way, than if (the Sun being at Reſt) Mer- * 
only ſhould be carried towards Jupiter. 
This Reaſoning may be applied to all the 
Actions of the [Planets that are more diſtant 
from the Sun upon thoſe that are. leſs diſtant. 
As to what relates to the Action of thoſe that 
are nearer, upon thoſe that are farther from the 
Sun, according to the different Situation — 
A | 1 draw 


"__, 


*1255 


When all the Planets move, tho they move the 1266 


5 
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draw a Planet to the Sun, or drive it from the 
Sun, and in conſidering one whole reſpective 
Revolution, that is, the Motion from one Con- 
junction to auother, the Diſturbance is leſs than 
if the Sun was immoveable. wy 

1268 The Magnitude of the Sun, compar'd with 
the reſt of the Bodies of our Syſtem, is the 
Reaſon (as appears by what has been already 
. demonſtrated) that the Planets diſturb one ano- 
ther but little; but ſince the Magnitude is not 
infinite, theſe mutual Actions muſt not be whol - 

Fea... 4-5. ek 
We have ſaid, that it appears by Aſtronomi- 
cal Obſervations, that Jupiter alters the Way of 
* 1217 Saturn When it is neareſt to ;* why this Diſturb- 
ance is more ſenſible than the reſt, is deduc'd 

_. from the Law of Gravity. og 
1269 The Actions of 75 upon Saturn when it 
| is neareſt to it, and of the Sun upon the ſame 
Planet, by which it is kept in its Orbit, are to one 
another directly as the Quantities of Matter in 
120 Jupiter and the Sun,“ (vix.) as 9, 248. to 10000, 
1255 ànd jnverſly. as the Squares of the Diſtances of 
Jupiter and the Sun from Saturn, that is, directly 
2s 81 to 16; for the Diſtances of Saturn and 
Jupiter from the Sun are almoſt as 9 to 5; 
1270 Wherefore, when Jupiter is neareſt to Saturn, the 
Diſtances of Saturn from Jupiter and the Sun are 
as 4 to 9. The Ratio compounded of the two 
aforeſaid Ratio's is as 749 to 160000, or as 1 
to 214 ; this Action of _ conſpires with. the 
Gravity of Saturn towards the Sun, and. therefore 
encreaſes it r Part: Whence. it is no Wonder 

that the Diſturbances ſenſible. — _.. 

| We don't here conſider the Force by which 
Jupiter attracts the Sun, for the Orbit of Saturn 
is not chang d by it, and what we had to ex- 
plain was, why Aſtronomers obſerve Saturn to 
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de turn d out of the Way; yet by the Action of 
i Jupiter upon the Sun, the Sun is brought nigher 
ve No Saturn, and the reſpective Situation of theſe 
ban odies is more diſturb d, than is diſcoyer'd by 
an IF aftronomical Obſervations. The Force with 
which Jupiter in the aforeſaid Poſition. attracts 
the Sun, and with which therefore the Sun is at- 
1d tracted towards Saturn, is to the Force: with - 

Y IE which Jupiter attracts Saturn, as 16 to 25; that · 120 
is, as 479 to 749, which Number expreſſes the 
Force with which Saturn tends towards Jupiter, 
when the Gravity of Saturn towards the Sun is 
expreſſed by 160000. If we collect into one 
ot Sum the Forces of Jupiter, by which it attracts 

© Saturn and the Sun ; the Force, by which, from 
the Interpoſition of Jupiter, theſe Bodies tend 

towards each other, will be to the Gravity of 

Saturn towards the Sun, as 1228, to 160000; 

but this Gravity is to the- Gravity of the Sun to-, 

wards Saturn, as 160000 to 67,5. * wherefore the 1353 

a N Acceſs or Approach of the Sun and Saturn, 1271 

3% W's to the Encreaſe of this Approach by the Aion of Ju- 

c piter interpoſed, as 160067 to 1228, or, as 130 t0 I. 

9 This Diſturbance is remarkable, and far the 

nd greateſt of any that happensin the Motion of any 

| of the primary Planets ;-this alſo obtains only in 

* this one Caſe of the Conjunction; for when Ju- 

'" BM fiter recedes from Saturn, the Diſturbance of the 
ic I Motion of Saturn, in a ſhort Time, becomes 
1 In the ſame Poſition of Jupiter, when it is 
the I neareſt to Saturn, the Force of Saturn, altho' it 
er be the greateſt of all in this Caſe, does not ſo 
er I fenfibly alter the Way of Jupiter about the Sun. 
ch The Action of Saturn attracting Jupiter, is to its 

Action by which it attracts the Sun, as 81 to 
16 ; therefore it attracts Jupiter with greater 1205 
* I Calerity and ſince they are both erated, "SE 
2 ame 
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ſame Way, the difference of theſe Forces is tile 
Force, with which (from the Action of Saturn,) 4c 
Jupiter and the San are ſeparated from each | anc 
* 175 other“; which is therefore to the Gravity of ſiti 
the Sun towards Saturn, as 65 to 16; but this iſ pe: 
Gravity of the Sun towards Saturn, is to the the 
| Gravity of Jupiter towards the Sun, as 4,223. to bit 
* 1207 10000, and as 25 to 81 , that is, as 106 to il on: 
47255 810000, or as 16 to 122756; therefore the vet 
20 diſturbing Force of Saturn is to the Gravity of Tl 
| Jupiter towards the Sun, as 65 to. 122756, ot Se 
1272 as I to 1888 therefore by the greateſt Action of MW is. 
Saturn, tbe Gravity of Jupiter towards the Sun ii 
diminiſb d only by ri: Part, which diſturbance is Pl. 
C 12 i 
The other mutual Diſturbances of the Planets MW wi 
are much leſs, as will appear by determining th 
that, which is the greateſt of them all, (viz) 
that of Mars by Jupiter, which is diſcover d by th 
the ſame ſort of Computation as the fore · ¶ pr 
. BONE, Wy 15 17 , r 
a x The Diſtance of Jupiter from Mars and the 
Sun, when. Mars is between the Sun and Jupiter C. 
5 in the ſame Line, are as 7 to to; wherefore I ti. 
the Forces with which Jupiter attract theſe G 
12056 Bodies, are as 100 to 49, the Difference of Ill to 
which Forces is to the Gravity of the Sun to- 
wards Jupiter, as 51 to 49. This Gravity of 
the Sun towards Jupiter, is to the Gravity of 
120% Mars towards the Sun, as 9, 248 to 1000 * and 
18s 289 to 100 *; that is, as 83 to 1000000; or as 
49 to 590443 ; and the diſturbing Force of Ju- 
piter is to the Gravity of Mars towards the Sun, 
as 51 to 590443; or as 1 to 11577 : wherefore 
1273 the Gravity of Mars towards the Sun, is diminiſo d 
only try Part by the Action of Jupiter uben neareſt 
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- Altho' theſe Diſturbances ariſing from the 
Actions of the Planets upon each other, be very ſmall, 
and altho thoſe which happen in a different Po- 
fition of the Planets, do in ſome Meaſure com- 
penſate each other, yet the Proportion in which 
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1274 


the Force, which keeps the Planets in their Or- 


bits decreaſes, is a little chang d by. theſe Acti- 
ons, ſo that it does not decreaſe exactly in an in- 
verſe Ratio of the Square of the Diſtance: 
Therefore altho*' the Orbits are at reſt as to 


Senſe, after a great many Revolutions, a ſmall change * * 


is obſerv'd in their Situation. | 


From all this it follows, that if we ſuppoſe the 127 


Planets at firſt once projected at the Diſtances 
from the Sun at which they are mov'd, they 
will by the Laws already explain'd, perſevere in 
thoſe Motions ; and the Excentricity of the Or- 


bits depends upon the Celerity and direction of 


the firſt Projection. But theſe Motions may be 
preſery'd very long, by reaſon of-the ſmall Re- 
liſtance of the Celeſtial Mattet. 


It is alſo plain, why by Lines drawn to the 


Center of the Sun, they deſcribe Areas propor- 
tionable to the Times; namely, becauſe all other 
Gravities in the Syſtem, are very ſmall in reſpect 


929 


to the Gravity towards the Sun *; therefore by* 1263 


this Gravity alone, it is that they are retain'd in 
their Orbits, whence follows this proportion of 


the Areas. And alſo Motion in Elliptic Lines, *225 
which are carried on very ſlowly, follows from the 


Law of Gravity ; and theſe Lines wou'd alſo be 
immoveable, if the Planets gravitated only to- 


wards the Sun *; but this flow Motion of the“ 


Orbits, is deduc'd from the Action of the Pla- 


241 
1208 


nets upon one another. Now in reſpect to the 1234 
Proportion which is obſerv d between the Cubes 
of the Diſtances, and the Squares · of the Periodi- 
cal 


Times, it is alſo dedue'd from the Law of 
| | N Gravity 


4 
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* 239 Gravity; * ſo that if we add to theſe what we 
„los have ſaid of the Deflection of Saturn, nothing 

1270 will remain to be explain d in reſpect to the pri- 
| _ 3 r of i | 
1276 That the Motion of Comets depends upon the Law 

g of Gravity, is alſo deduc'd from Obſervations ; 
and in reſpe& of them, as has been ſaid concern- 
ing the Planets, the Sun's Gravity prevails, and 
by that Gravity they defle& from à rectilinear 

98 Courſe ; but that the Curvature of their Way 
. 225. depends upon the ſame Gravity, follows from 
| this ; That a Body by that Gravity, will de- 
& ſcribe an Ellipſe, or a Parabola, or an Hyper- 

241 bola ; which Lines it appears that thoſe Comets 

129 have deſcrib d, whoſe Trajectories have been 

determin d. 4 =Y 

1277 - The Satellites of Jupiter and Saturn are mov'd by 
944 the ſame Laws about their Primaries, as the Prima- 


| = 9 ries are mov'd about the Sun; * wherefore the Expli- 


+7:5;cation-of thoſe Motions may be alſo referr d 


to them; for in theſe three Caſes, ſmaller 
Bodies are revolving at different Diſtances 
about a much greater, Body: namely, Satellites 
about Jupiter and Saturn, and Primary Planets 
c ni ie 
1279 | Whilſt ſecondary Planets are mov d about a Prima- 


ry one, it is evident that they may all be mov d with 


one common Motion, whereby the reſpective Motions, 
withwhich they are mov d in reſpect of each other, 

will not be diſturb'd, becauſe a Body may at the 

* 1:5 ſame Time be mov d by different Impreſſions : * 
The Motion that a Primary Planet has in com- 
mon with its Satellites, is the Motion of a Pri- 
mary Planet about the un.. 
1279 Yer the Motion of the Secondary Planets is diſturb d hy 
the Action oftbe Sun, towards which they are carried 
ſometimes faſter, and ſometimes ſlower, accord- 

ing to the different Poſition of the Primary ; _ 

they 
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they alſo often concur towards the Sun's Canter 

in different Directions. Theſe Irregulatities 
which are very ſmall, cannot be obſerv'd in the 
Satellites of Jupiter and Saturn, tho“ they be 
really like thoſe which are obſerv'd in the Motion 

of the Moon; the leaſt Deviation of this laſt is 
very ſenſible to us. But that the Irregularities of 
the Moon exactly follow from the T of 
Gravity, will appear in the next Chapter. 
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© The Phyſical Explication of the Mοͤ 
agg? 36 2d nu oil: eL ih is ad 821 


on 2413) 7 C143 30 39304 i; i8.663/814 = 
II is certain that the Moon and Eatth having 1280 
once a projectile Motion given them, they 
can perſevere in their Motion about theit com- 
mon Center of Gravity: & iſthey be catried any * 1263 
way by a common Impreſſion directed in parallel 
Lines, as was ſaid of the Satellites of :Fupiterand 
Saturn, * this Motion will! not diſturd the Mo- 1278 
tion about the common Centet of Gravity, which 
alone will follow that Direction, becauſe: in re- 
ſpect of the two Bodies it is at reſt. But the 
* — a Motion compounded of 
that Impreſſion and of the Motion about the 
common Center of Gravity; that is, they are 198 
,whirl'd about that Center &s it is eattied along. 
as before its Motion. when) it was at reſt; IF 
every Moment new Impreſſions common to bath 
the Bodies act upon them, the Way of the Cen- 
ter of Gravity may be chang d every Moment, 
whichChange will be like that which-the Bodies 
themſelves wou'd undergo, if they had nde 
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Hence we deduce, that if whilſt, the Moon 

— Earth are whirl'd round their common Cen- 
ter of Gravity, they be both projected, the Way 

of the Center of Gravity, by the Action af the 
Sun acting upon both Bodies, is the ſame as a 
Body projected in the ſame manner, w ou'd de- 
fſcribe about the Sun. 

1281 Whence it follows, that the Moon diſturbs the 
Motion of the Earth, and that the common Center of 
Gravity of thoſe Bodies deſcribes that Orbit about the 
"Sun, which we have hitherto ſaid that the Earth de- 

| ſerib'd ; becauſe we overlook'd the Action of the 
1282 he Moon ; but the Earth deſcribes an. #rregular 
WIC 
1283 Eg. 4. Plate XXIV. ] Let the Sun be at 8; bed 
the common Center of Gravity of the Moon 
And the Earth, artheTime of the Full Moon de 
at F: After one whole Lunation, chat i is, the next 
Full Moon, let that Center be at A; and let 
F A be the Orbit which we call that of the 
Earth; but in which it is the Center of Gravity 
abovemention d that does really move. 
I this Lunation be divided into four equal 
Parts, after the firſt, 'the Center of Gravity will 
de at E, the Moon at P, and the Earth at L; 
after the. ſecond part of the Time, at New. 
Moon, the Center of Gravity will be at D, che 
Moon at R, and the Earth at I; in the follow- 
Aung Quadrature, the Center of Gravity will be 
b the Moon at O, and the Earth ae f. ; laſtly, 
. at Full- Moon the Center of Gravity: being at A, 
| the Moon will be at N, the Earth at : all 
which follows/from the Revolution.of the Earth 
and Moon about their common Center of 
Gravity, vhũſt it is carried in 0 Orbit about 
\ the Sun. 1 242 41 LES 11 940 28 
Therefore we ſee — Earth MH 9 3a in ae 


Curve MLIH G, whicklis twice infleted * 
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each Lunation; which Curve alſo does not return 
into it ſelf; becauſe the Inflections in the ſeveral 
Revolutions about the Sun do not coincide ; for 
12 Lunations, and a third part of another, are 
perform d every Year. Wig 4 A | 
This Irregularity of the Motion of the Earth, which 1284 
is deduc'd from the Laws of Nature, is too ſmall 
to become ſenſible in Aſtronomical Obſervations ; 
wherefore we may without any Error ſay, that 
the Center of the Earth it ſelf deſcribes the 
Orbit FDA; for MF, or DI, the greateſt 
Diſtance of the Earth from that Orbit, is abour 


the 4oth part of the Diſtance I R, which 


— * is not the zooth part of the 
c : | 


the Confideration of the Motion of the Earth about the 
commonCenter of Gravity abovemention'd, but —— 

it-to revolve at the Diſtance of 60 Semidiameters, from 
the Cemer of the Earth; becauſe, as we have be- 


fore demonſtrated, * ſuch is the Diſtance - at 1253 


which in its pexiodical Time, it cou'd revolye 
about the Earth at reſt, or carried along in an 
Orbit in. hich it ſhou d not be diſturb d by the 
Moon's Action. By this Method, the Moon's 
Irregularities will be much more eaſily diſcover d; 
ſor they are the ſame; as is evident, whether the 
Moon moves about the common Center of 
Gravity of the Moon and Earth, or about the 
Center of the Earth itſeljll l. 

Plate XXV. Fig. 1. Let S be the Sun; T the 1286 
Earth ; and the Orbit of the Moon A LB I; and 
laſt of all, let the Moon be at A in the Quadrature;; 
it tends towards the Sun in the Direction A &, 
i the ſame manner, and with the ſame Force 


that the Earth is carried towards 8 along T S, 


becauſe the Diſtances AS and TS are equal: 
This Force may be repreſented by T'S or A 8, 
bay 7 wo R 2 4 whereby 


1. In explaining what relates to the Moo , wealſo ng lat 1285 
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whereby the Moon endeavours to deſcend along 
A S, and be reſolv'd into two Forces, by drawing 
the Parallelogram A D'S T; ſo that the Moon 
will endeavour to move in the Directions A D 
and A T, by Forces repreſented by thoſe 
By the Force which acts along A D, the Moon 
is cartied with the ſame Celerity and the ſame 
Way as the Earth; by reaſon of the equal and 
arallel Lines T S and A D; wherefore by this 
"I Motion, the Relation - between the Moon and 
5 | Earth is not chang d; but the Force along A T 
| 1287 conſpires with the Gravity of the Moon towards the 
Earth, and this Gravity it encreaſed by the Action of 
the Sun, when the Moon is in theQuadratures : and it is 
1 an Augmentation or Addition to the Gravity of the Earth 
towards the Sun, as A T the Moon's' Diftance from the 
Earth.ist0 T 8, the Earth's Diſtance from the Sun. 
„TS the Earth's Diſtance from the Sun remaining 
the ſame, the abovemention'd Addition 'of Gravity 
egncreaſec, and diminiſhes in the Ratio of the Line 
A T, the Diſtance of the Moon from the Earth. 
But this Diſtance of the Moon from the Earth 
A T, if it remains the ſame, and TS be en. 
creafed, then A Twin be leſs in reſpect of A 8; 
therefore, tho' there ou'd be no change in the 
Force, whereby the Earth and Moon fall towards 
the Sun, the Addition will be leſs, and ſo much 
leſs as TS is greater, that is, it will be inverſly as 
JI38; but the Force of Gravity does not remain the 
fame, when T 8.iSinereaſed, but is diminiſh'd; 
rherefore alſo in that teſpect, the abovemen- 
tion d Addition is dimiriſh'd; and in the ſame 
Ratio with that Force of Gravity; therefore 
it is in the inverſe Ratio of. the Square of the 
_ *1208-Diſtance T 857 if this Diminut ion be added to 
that abovemention'd, we ſee that the" Addition of 
KR 10 E T yd Deal Em Heli 
Nd s 1 
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which we ſpeak, follows the inverſe Ratio of -the 1289 
Cube of - the Diſtance of the Earth from the Sun. 
-. The Diſtance of the Earth from the Sun remaining 1 290 
the ſame, the Gravity of the Moon towards the Earth © © 
aſes more ſlowly in the Quadratures, than ac- 
cording to the inverſe Ratio of the of the 
Diftance from the Center f the Earth; for if the 
Addition in that caſe ſnou'd follow the inverſe -- : * 
Ratio of the Square of the Diſtance, as the 
Gravity from the Action of the Earth does, * this* 1205 
Ratio-wou'd not be'diſturb'd ; but the Addition 
encreaſes when the Gravity itſelf is diminiſh'd ; 


wherefore the Addition, when the Diſtance is 


increaſed, is always greater than is required, and 
conſequently the Diminution the leſs. 
This Addition is determin d in the mean Diſtan- 
tel f the Moon from the Earth, and of the Earth 
from the Sun: Let: A T and T S be theſe mean 
Diſtances; the Addition required to the Gravity 
of the Earth towards the Sun, is as AT to T S *;+ 
the Gravity of the Earth towards the Sun, is to 
the Gravity of the Moon towards the Earth (becauſe 
theſe Bodies are retainꝰd by theſe Gravities in 
their Orbits) directly as TS to T A, and in- 
verſty as the Squares of the | periodical Times of tbe 
Earth about the Sun, and of the Moon . about. the 
Earth : * Therefore the Addition requir d to the. 
Gravity of the Moon towards the Earth, is in a 
Ratio compounded of theſe Ratio's; that is, the 
abovemention'd:inverſe; Ratio of the periodical 
Times of the Earth and Moon, the other Ratio's 
deſtroying one another. Theſe Times are given, 
and their Squares ate inverfly as 1 t 178, I: 2 b 
Now if the Moon be at L, [ Plate XXV. 1292 
Eg. 1. ] in which Situation the Sun attracts the 
Moon and Earthin the ſame Line, but not equally; 
the Moon it draws with a greater Force, be- 
cauſe it is leſg diſtant from it: The Difference f 
1 thoſe 


1291 


1 
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thaſe Forces is the Force by which the Moon is 
dran back from the Earth, and by which the 
Gravity of the Moog. rowards the Earth is 
diminiſh' d. El 8 
The Forces, mhercby the; Moon at L, and 

the Earth at T, tend towards the Sun, are to f 
due another as the Squares of the Lines S T and 
i208 8 L*; and the Difference of the Forces, that is, 
the diſturbing Force, is to the Force by which 
the Earth deſcends: towards the Sun, as the 
Difference of thoſe Squares to the Square of the 
Line LS; that is, nearly as double L T to LS 
or T S; for theſe. Lines do but! very little differ 
1293 from one another; and the Difference of the Squares, 
whoſe Roots differ but little, is keeping the Pugportion 


kn, oY Ah wy a 


vm 5 


- -. - ; double that which: is betweer:the Roots. a 
I thereforet T. S, repraſenttthe Force if 4 
i whereby: the Zarth deſcends towiards: the Sun, 
L 4 will repreſent the diſturbing Force and di 3 
t 


- minifſhing Gravity, when A [ooepreſents the 
, 1286 diflurbing Force in the Quadratures. Let the 
1294 Moon be at I; it is again (together with the 
Earth) attracted by the Sun in the fame Line; 
but the. Earth; becauſe leſs diſtant, moves 0 
nog more ſwiftly towards the Sun; ſo that there . 
is a Force which ſeparates the Earth from the 

Moon, namely, the Difference of the Forea 5 
| which attract the Moon and che Earth; which 5 
Force always acts contrary to the Gravity of tie 
Moon towards the Earth, and dimmiſhes it, in th 
| the ſame manner as has been demonſtrated from if ** 
ttt:e greater of the Moon towards the * 
Saum, * it at L. At , alſo the ſepa- i ©: 
rating — differs. from the ſeparating 
Forer at L; for this Force, as we have ſhewn, 

is pr to the Difference of the Squares 
of the. Lines TS and L S ; and rhar (as appears 
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the Difference of the Squares of the Lines 18, 
and T S; which Differences, 


247 


reaſon: that 


by 
LI is very {mall in reſpect of T 8 ſcarce differ 
among themſelves; ſo that the Force, which di- 


miniſhes the Moon's Gravity at 4, is aſo repre- 


ſented by LI. | 


Yet the Diſturbing Force is ſomething greater as the 1295 


"TE 


ravity, as 1 to 178,73. 


In the Syzygies, the diſturbing Force follows the 129 


ſame Proportion with half added to it; that is, 
with the diſturbing Force in the Quadratures® ;* 
it is therefore direttij as the Diſtance of the Moon 


- 


from the Earth, and inverſly as the Cube of the” 1288 


Diſtance of the Earth from the Sun. 
At the Syzygies the-Gravity, of thi 
the Earth, receding from its. Center, is more dimi- 
nid d, than according to the inverſe Ratio of* the 
Square of the Diſtance, from that Center; tor they 
wou'd, be diminiſh'd in that Ratio, if the Force 
to be taken away follow'd'the ſame Ratio; but 


on the contrary, as it encreaſes when the Diſtance, 
minution is always 7 


becomes greater, the 
greater than in that Ratio. 


* 11289 
he Moon towards 1 298 


7 0 ; 
1296 
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hg XXV. Eg. 1.] Laſtly, let the Moon be 
"at OE i any intermediate Place between the Sy- 
and Quadrarure, it is drawn, towards the 
Sun Along F S; by which ſince it is leſs diſtant 
that the Earth T, it is attracted withmore Force 


x than the Earth : Let the Force, with which the 


tends to the Jun, be to the Force, with 

white the Earth is cartied towards it, as F M 
to T8, which alſo before' has been made uſe of 

to expreſs the ſame; Gravity of the Earth. Draw 
the Parallelogram F H MI, whoſe Diagonal is 
F M, and whoſe Si e F H is parallel and equal 
to the Line T S. The Motion of the Moon to- 
| wards the Sun 1s reſolyed into two Motions, one 
along F H, the other along FI, and theſe Lines 
denote the Forces whereby the Moon endeavours 


* 192 th, more along them. The Motion along F H 
is common to, the Moon and the Earth, which 


220 an equal Force, and in a Line parallel to it, 


des alſo tend to the Sun; ſo that by this Mo- 


tion of the Moon, the Situation of i ir, in reſpe& 


of the Earth, will not be chang'd, and the 


2 dns Force will. be only the Motion a- 
© Tong 

"By reaſon of the Aae Diſtance of the Sun, 
the hatt MS of the he M F, is ſmall in reſpect 


N the whole, and the Angle FS T, where it is 


the greateſt, as A'S „ is hardly mote than the 


Ft part of a Degree; whence it follows, that 


the Lines MI and SN are very near one ano- 
ther, and that the Points I ang N are ſcarce ſen- 
—" fibly diftant, and may without any ſenſible Er- 

ror. be confounded. together; hi ich Error, not- 
with( anding how little ſoever it need be re- 
garded, i in conſideration of one whole Revolution, 

3 compenſated by. à contrary Error when the 
Moon is at E. a the diſturbing Force 
is ede by F N. 


Ic 


Diſtance of about 54 
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It is to be obferved, when only the Patt E F $300 
of the Line E S is conũder d, that it is to be 
look'd upon as parallel to the Line Li, becauſe” 

of the ſmall Angle which theſe Lines make. 
From the Point N, draw N Q perpendicular to 1301 
the Line F T, continued if need be, in which 

the Moon gravitates towards the Earth; and 

let the Rectangular Parallelogram F PN Q be 
drawn ; let us conceive the Force along F N re- 
ſolv'd into two others, acting iu the Dileaions: 

P Q and FP, and repreſented by theſe Lines : *** 192 
By the Force along FQ, the Force of Gtaviry is 
diminiſh'd, in the caſe repreſented by this Figure; 
but it is encreaſed when the Point Q falls be- 


* 


tween F and T; but by the Force along F P, 


the Moon in its Orbit is drawn towards the next N 
Syzygy L, and the Motion of the Moon is acce- 
lerated or retarded, according as this Force con- 


Neat a Syzygy, the Gravity of the Moon 


is diminiſh'd, and the Line F Q, which follows 
the Proportion of this Diminution, grows leſs, 
receding from the Syzygy till it vaniſhes, at the 
Beg 44 Min. from it; at 
a greater Diſtance of the Moon, from the Sy- 
zygy, 'Q falls in between F and T; and the 
Gravity of the Moon towards the Earth is en- 
reas'd by the Sun's Action. The Force along 
P vaniſhes in the Syzygy L, receding from it 
it encteaſes quite to the Octant, which is the 
middle Point between the Syzygy and the Qua- 
drature; and then it diminiſhes again till it va- 
en,, RN 
Between B and I, or / and A, the diſturbing 130. 
Motions are determin'd in the ſame manner, as 
in A LB, the oppoſite inferior Part of the Or- 
bit; at E and F, the Diminution of Gravity is 
N | : equal, 
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equal, and in, that Poſition it is drawn in the 
Ocbit.with an equal Force towards the Syzygy 4, 

with grad Nn 728 a F it is impell d to- - 
wards the Haber Rt | 
T1383 Hence it follows, . in the Motion of the. Moon 
hw: the Syzygy to the Quadrature, between L and 

o between and A; the Gravity of the 

Man towards the Earth 16 cominuall encreas d, and 

1304 the Moon is continualh retarded. in its Motion. But | 

iin the Mityon from the Quadrature to the Syzygy, | 

between B and I, as alſo between A and L, every. 
Moment the Moort's Gravity is diminif'd, and its 
Motion m-its Orbit is accelerated; _ 
Lou may determine the Forces upon which 
theſe Effects depend, by comparingthem with the 
known Force, whereby Gravity isencreas'd in the 
71291 Quadratures, and which, is repreſented; by the 
Moon's. Diſtance from the Center of the Earth. 

1305 The Lines MI, H F, S T, are eq qualhy Con- 
ſtruction; therefore when the Points I and N ate 
confounded, N is equal to 8 T, and MS. is 

equal to NT. The Lines MF and ST re- 
preſent, the Forces, whereby the Moon at F 
and the Earth at T are carried towards the. Sun 
8; therefore they are as the Square of the Line 
1265 T8 to the, Square of the Line F'S;* wherefore, 

2s F G is the Difference of thoſe. er FM 

and TS fern from one another double.ch ce Line 
1293 GEK and a dding G F to the Line F M, the 
Difference between G M and TS, that is, MS 
2 be triple the Ling FG; and MOOS this is 

 _ alſothe N of the The NT: Now. as 

1300 F E is double F therefore NF, W to 


FE as Three! to "wo. 


m nnn: - Ad. 7 Moi ot 4a XA 


E draw E V. Fe $ cap to it; the lanes 
EVF-and N or which are rectangular, will 
he. aer. by reaſon. of the alternate 2 
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VF E and Q T N:* Therefore WT is to F E,*: 

that is, Three is to Two, as NQ, equal 5 

81 FP, is to EV; which therefore is proportional 

| to two third- Parts of the Force, which is ex- 

4 preſſed by FP; but E V is the Sine of the An- 8 

. gle EE Vat the Center, which is double the 

* Angle EF V at the Circumference, equal' to-the 


4 Angle F TL, which is the Diſtance of the 

Wt Moon from the Syzygy. Therefore, as the Radius 1306 
„ T A, or T E, 7s to a Sine and an half e double the 

7 Diftance of the Moon from: the Sygy, namely FP, 

as ſo the Addition of Gravity in the Quadratures (wh ien 

6 is expnaſsd by the Radius TA ): 55 tothe Force 

2 which accelerates or returd the Mon in its Orbit. © 


The Computation of this Diminution of Gra- 
vity, and of its Encreaſe at a leſs Diſtance from 
2 the Quadratures, is deduced from the ſame Prin- | 
es. ä ; 
| i Diminution is repreſented by the Lins | | 
FQ, which is equal to QT, minus 4. Radius: 
bar from the Conſidleration of the Triangles 
eee VF taken once and a half is 
al to QT; therefore V and an half, with 
half the Radius added to it, expreſſes the res 
ir'd Diminution of Gravity; and the Radins, 1307 
to the Sum or Difference of once amd a' half the © 
Co-fine of double the Diſtance of the Moon from the 
S223 and half the Radius + As the Addition of Gra- 
vity in tho Quadrntures, to the Diminuriom or En- 
ertaſe of Gravity in that Stuation of the Moon, con- 
corning which the C ion ig made. 
We make ufe of the Difference of the Co- 
fine from half the Radius, when the Angle, 
whoſe the Co- ſine is, is greater than a right An- 
gle; becauſe in that Caſe we make uſe of the 
Co-fine of the Complement of the Angle to 


.Do nm Ryo FM OO 7 


two right Angles: When in this ſame Caſe the 
* half, which wo make uſe of, is 
* 


A on O 
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greater than half the Radius, the Quantity found 
is to be added; that is, encteaſes the Gravity, 
vrhich obtains every where between the Qua- 
drature, and 35 Deg. 16 Min- from it. 


1308 . Theſe Forcet, whatever is the Figure of the Moon's 


Orbit, are exatctiy determin d; for they are com- 
par'd with the Addition of Gravity in the Qua- 
dxatures, ſuppoſing the Moon in the Quadrature 


to be at the ſame. Diſtance from the Earth, at 


Which it really is in the Place which is conſi - 
der d but this Addition is diſcover d in every 


*:291 Me e e ade eee ee ee 
1288, . Tho“ it be foreign. to the Purpoſe of this 
1289. Work, ta give a Computation of the Moon's 


Motion, I thought it neceſſary to explain in a 


few Words, hat is the Method whereby to 


diſcover the Forces: that govern the Moon; be- 
cauſe the more exactly we know the Forces, the 
more eaſilyj we ſhall conceive their general 
| «A Dif aw, T7 0 07 lep zi ann 4,7 - 
Now to examine the - Moon's: Motion; we 
_ muſt ſingly conſider its: ſeveral Irregularities; 
which to do without Confuſion, ; we muſt re- 
move ſeveral Irregularities, and conceive the 


Moon as moving in a Circle about the Earth, 


in which Curve it is plain, that it can be retain'd 


5 241, by Gravity,“ This Motion is diſturb d by the 
1208 Action of the Sun, and the Orbit is more convex in 
1 309 the Quadratures than in the - Syzygies, \ The Con- 


vexity of a Curve, which a Body deſcribes. by 
a central Force, is ſo much the greater, as the 
central Force does more ſtrongly every Moment 
turn the Body out of the Way; it is alſo the 
greater, the more ſlowly the Body moves; be- 
cauſe the central Force acting the longer, has a 
greater Effect in inflecting the Way of the Bo- 
dy: From contrary Cauſes the Convexity of the 
Eurye is diminiſh'd. Both goneur in * 


ä e A i ,0o A _ 
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| the Convexity of the Orbit in the Quailtatures,”*ago} 

and diminiſhing it in the Syzygies. 1204 
From this it follows, that he: ciqcuilae Figure 13 10 

of the Moon's Orbit is changed into an Oval, 

| whoſe: greater Axis goes thro” the Quadratures; 

| ſo that the more convex Parts are in the Qua- 

; | dratures. Wherefore the Moon is leſi diſtant from 

7 the Earth at the Syzygiei,, and more at the Quadra- 
tures; and it is no Wonder that the Moon comes 
towards the Earth, when its Gravity is dimi- 
niſh'd ; becauſe the Acceſs is not the — a 
Effect of this Diminution, but of the Inflexion 

of the Orbit towards the Quadratures. 10 

The Motion of the Moon, taking away the 

Action of the Sun, is not in a Circle, but in an 
Ellipſe, one of whoſe Foci coincides with the 
Center of the -Eatth;* for the Otbit of the * 967, 
Moon is Excentric, and it is retain d in it by 1 
the Force of Gravit * 
Therefore What as! been Jeinorftrared: can- 

not be exactly applied to the Moon's Wen; 
for as the Forces which generate the Deviations 
explain d, do really act upon the Moon, the El- 
lipſe, which the Moon would deſetibe it the Sun 
Was taken away, is'chang'd, and cateris paribus 1311 
the eee N "1309; 1316." way" be 4 Tear 
9 Motion, * by £ pgs 23 

1 the uadratures 8 9, E Ing 1212 

Force 1 in the ſame Fai the Force of : 
Gravity towatds the Earth;* thetefore the Force 2 
which continually acts upon the Moon, and re- 
tains it in its Orbit, is directed towards the 1 
Center of the Earth; and the Moon deſcribes Area's 
Lines drawn to ed Center of * Earth, een: 1 
nal to the Times.* ' G ® arg 
Wag Plate XXV. Fig: 101 rin muh fee Ons 1313 
bit, as F, beſides the Force wich acts in the | 
Line! 'F T, there is alſo eines e. 


von? 2 * 


W 3 


0 


2 
5 
" 
- 
1 
2 
1 
7 
[ 
: 
O 
g 
0 
ö 
i 
4 


8 


254 Mathematical Elements Book Iv. 
| ?4gorQtion is cular to F T,“ which is here 
_ repreſented by FP: The Direction of the Force 

_* . compounded of both is directed ſomething fide- 

_ wiſe to the Line F T, and does not tend to the 

* 190 Center of the Earth; - wherefore the Area , by 

Lines drawn. to the Center the Earth, are not ex- 

2 226 afth proportional to the Times.“ In the Octants, 
Fp d the greateſt of all; and the Force which 
is repreſented by that Line, is to the Gravity of 
the Moon towards the Earth, in that Point, in 
the Mean Diſtances of the Sun and Moon, 'as x 
. 1306 0 119,49.* Wherefore the Direction of the 
1307 Force, compounded of the Actions of the Sun 

| and Earth upon the Moon, makes an Angle of 
above half a Degree with the Line FT. 
The Motion of the Moon is ſubject to ſeve- 
dal other Icregularities; ſo that it deſcribes 2 
Curve wholly ixregular; which Aſtronomers, in 
_* * order to ſubject it to the moſt exact Computa · 
1314 tions that can be made, do reduce to an Elipſe, 
much they conceive to be agitated by various Motions, 

| and alſe to be changeable, leaft the Moon ſhould go out 


_ In reſpeR to central Forces we have obſerv'd, 
that a Body does not deſcribe an Ellipſe, if the 
central Forge by which it is retain d in its Or- 
bit, decreaſes in any other Ratio than the In- 
verſe Ratio of the Square, of the Diſtance; but 
that the Ourre may be often reduc d to à more- 
* :43 able Ellipſe :“ Concerning which it is to be ob- 
1315 ſervd, that the Elipſe, in that Motion, tun- 
about ane of "its Hue, and ibe Motion of the Ellipſe is 
direłted abe ſame Way as the Motion of the Body in 
13 16it, when the central Force decreaſes faſter than im the 
I Inverſe Ratio of the Square of the Diſtance, But if 
tte central Force devyeaſes ſlower, ds you recede from 
the Center, the Elipſe is carried the contrary Ny; 
as theſe Things may be demonſtrated Mathe- 
matically. "As Hence 
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| Hence it follows, that the Orbit of the Moon 
cannot be referr d to an Elliptical Orbit, unleſs © 
you ſuppoſe it agitated by four Motions every 
Revolution; that is, unleſs the Line of the Ap- .-* 
ſides, which goes thro the Center of the Earth, 
goes forwards twice, and backwards twice. 
The Apfides of the Moon go forward when the 1317 


-4 


"Maou is in the Syzygies,* or rather whilſt the 1315 


Moon. moves between the Points, which are 1298 
54 Deg. 44 Min. diſtant from them.“ In the* 1357 


Quadratures, aud between the Points, diſtant 


ttom them 35 Deg. 16 Min. the Ap/ides go back-x318 
awards, that is, move in 93 | - ; * — 
The Forces upon which the Progreſs and Re- 1290 
greſs f the Apfidat depend, are the Forces which, 1357 
difturÞ che Motion of the Moon, which have 9 
been before explain d; therefore, ſince the di- 
ſturbing Force in the Syzygies, is double tage 
diſturbing Farce in the Quadratures;* the Pro- 1296 
greſs, conſidering one entire Revoluzion of the Moon, 
la a Circle, whole Genter is in the Center 
of the Forces, the Diminution of the Force, 
in receding from the Center, produces no Ef- 
fe&; becauſe in ſuch a Line the Body does not 
xecede from the Center; therefore the Effect of 


wa # 4 


this Diminution is ſo. much the greater, as the 
Curve deſcrib'd by the Body dibers more from 
ſuch a Circle. 


In an Elliptic Orbit, one of | whoſe Foci e- 1320 
incides wirh the. Center of the Forces, the Cur- 
xature in the Apfides differs moſt of all from ſuchk 


. 


_ aCixcle, and the Hf of the Diminution of the 


Farce, in receding Fri 4 the Center the Farces, is ; 
uhe grrattſt of al. H. this. Orbit is but a little Ex- 1321 
erntric at ie Ends of the Lfſer Ari, the Elipſe 
Aiffers vety, little from the Circle above · men- 
aa the Efect of the Diminwtiou i; (hr Jeap 
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1322 and Regreſ of the Apfides depend 
7 . oportion, according to which the 
Force of Gravity decreaſes, ' receding from the 
*1315 Center of the Earth ;* it's therefore the Bett 
1316 oof the Diminution of the Central Force. 
1323 Platt XXV. Fig: z.] This Motion of the 
Apſides, which\ we have explain'd, undergoes 
' ſeveral Changes; the Apfides go forward faſteſt of 
1740 in a Revolution of the Moon, ſuppofing the Line 
rents of the Apfides in the Nodes; * and in that very Caſe 
*13 18 they go back the ſloweſt of all in the ſame Revolution,* 
1327 becauſe, by reaſon of the ſmall Excentricity of the 
'T 322 Moon, the Quadratures are but very little diſtant 
from I of * leſſer wider of the Orbit. 
p 1324 Suppofing the Line of the Apfides to be in the 
„ 8 5 4 draturet, the Apfides are carried in Conſequentis 
1322 the ſraft- all in the Syzygier;*- but they roturn- the 
*r\18Swifteft in the Quadratures z. and, in this. Caſe; in 
21382 oue eitive Rewilazion of the Mon; the Regioſs ex. 
1320«cceeds the Progyeſs. VIS BAY. 36 13 e647. 
1325 Whilſt, the Earth is carried along 10 its Or- 
bit, the Line 6f the Apſides does ſucceſſively 
go thro? all Situations: min reſpect of the Sun; 
wherefore, cunfderimg a Nl muny Revolutions o 
e Moon rakow ene ths Apfides g forwards; 
Andi it is from Obſervations, that in the 
Bae of of Sor eight Tears, tlie Line of the ap 
E — _ ae bn — 
s have alſo ſaid that the | Excentricity-of | 
Orbit is Hor conſtant. 5 ad! 
15765 Te 'Excentricity of 4 Body '& increas'd, if hides 
tral Forte, the Dimination” being continued, de- 
"creaſes faſter "than before, whilſt the — 1 7 
Fried fram the lower to the upper 
ten it is edery Moment leſs . —4. x 
| the Force did not decreaſe; and therefore it re- 
cedes the more. The Excencticity of the Orbit 
is alſo thereby enereas d, ty; 
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nd the Motion from the upper to the lower Apſis; 
he FF becauſe in this Caſe, coming towards the Cen- 
ter, che Force encreaſes ſo much the faſter, as 
ect the Body deſrends more towards the Center; 

ſo that in each Caſe, the Difference between 
he the greateſt and leaſt Diſtance ftom the Center 
XS of che Fortes, may become greater, and the 
＋Excentricity be thereby encreas d. By the ſame x 327 
ane —_— appears, that the Excentricity is di- 

- nuniſo d, when the central Force is increas'd, in the 
2,” Motion of the Body from the lower to the up- 
the per Apſis; and likewiſe when that Force is di- 
ant BF minifh'd in the Motion from the upper Apſis td 
ö the lower; that is, when i decreaſes more ſlowly 
ud- i than before, in receding from the Center. 
la, Applying this to the Moon's Motion, it ap- 1328 
the IN pears, chat the Excemricity of the Orbit, every Re- 
"i lait, hdergoes various Changes. That it is the 1329 
ex- I greateſt of all, when the Line of the Apfides is in the 

| $z3gies.; becanſe the Forces in the Apſides be- 
Dr. ing compar'd, do decreaſe faſter than in an in- 
ely verſe Ratio of the tay | 
an; I whence this Addition follows,“ which prevails* 1246 
4.4 in this Pofition :* Bur the Orbit is the leaſt Ex- 1320 
s; centric of all, when the Line of the Apfides is in the 
the BN Outtratures, the Diminutich bf the Excentticit, 
Ap- prevailing. -— __ „ 2745 "Bags 
th” We have ſaid that the Moon moves in a Plane — 
the. I inclin'd to the Plane of the Ecliptic; that te 
inne of the Nodes is carried tound in Aureceden- 
a;“ and that the Inclination of the Orbit is 976 
not cvnſtant; theſe Effects are deduc'd from the 999 
Action of the Suri and the Mon. 

By reaſori of the ſmall Inclination bf the Moon's 
it, che Forces which we have hitherto con- 
lider*d acting in the Plane of the Ectiptic, not re- 
garding the Incl nation bf the Orbit; may (with- 
W ſenſible Error) be cler d to the Place 
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uate of the Diſtance,“ 1 
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of tha Orbit 2 ang: the moms in it is ſubje& to 
| 2 the Metious before explain'd : But there is a Force 
which remo vet the: Moon from the Plane of the Or- 

_—_ we mu conceive that Plane to be 
ed; other wiſe the Moon wou d g0 out of 
ths — 

1331. Hate XXV. g. 3 Let the Mack the a F; 

is us attend to has: has been ſaid above con- 

by 1299cenipg, the Action af the Sun,“ ws that 
the Mane. of the Parallelogram F goes 
thro the Line T 8, which jains the: Cents, of 
the Earth and Sun; and: therefore it is im the 
Plans of. the Eclipeie; ſo thas the Roint N, to 
which is directed the Force F diſturbing ot 
account of the Action of the. Suns is in chat 

hene, 

1332 - Pate XXV. Fig. 4 v þ Let this Ha Force be 

_"- repreſented. by FI; = let FR be. rais'd/per- 
pendicular to the Plane of the, Orbit; and ima- 
gine the Parallelogram FRI, hoſe Side F 7 
ist in the Plane of the Orbit, and whoſe Diago- 
- makin. FI; the diſturbing, Force along E E is re- 
ſolw d into two; in the Directions FR and F ; 
1 whiktkthcle Lines ropreſe nt, and.of which this 
laſs acts in the Plane of the Orbit: So that we 
muſtꝭ refer to this what relanei to the diſturbing 
Force, of which we have treated in Ne $299; 
 for-the:Lings Fi and F N differ, —.— the 
Nane ef the. Parallelogram EA is * 
oulan to the Pane of. e- N 
2393 - be Dina FR maſk; be ene wwitinl? ro 
pre fents the Force that acts perpandiu¹¹ vo, the 
Plane of the Othit, and remove this Moon 
from chat Blane; now: the Relation of the Hine 
FR or Ez to the Radius E. F. ir che R — 
tho diſtyrbaug: Ferre, which is 
eFC v. Cee. 
of 199 vd fron ice 
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of Nodes N # is ia che Quatraryres; we ft fn 

out FR; becauſe IT (cr e N of F 

is given, and Heratfe 1 T Ig to I or 6 1305 

as the Radius to the Sire of tte frettndcian 0 

the Orbfr. 
But it᷑ every Cafe we Potes mand be deretmm d, 1333 


icht Gies Ty Moor cut of the Plane; let as 


therefore ſuppoſe tie Line of Nodes upd 

the Krratfom M. 1 every 

tefrar as before, 1 ar 

continued; 2 be, 1 8 Pals * BY 
erpendicolar, which make an Afi dar to 

dhe rel marion of the ear *. te 0e 

The Ratio between and 21 che is; 1336 


de Ratio bertieers the A 1 of? airy 6 4 
Ouadraruret;, and thi Forts, ar e ſe I; 4 
femoger the Mon out of 7 875 Tr & Ae 
of the Ratid's of the Lite 
I to IX, and laflly of rhe Line 1 85 
The firſt is the Ratid 14. the Radius 
400 three times the Sine of the Diſtance cf the 
— foi, 75 Re 5 475 A 5 
'6f the 195 e of the e 
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the D. ſtance of the Moon from the Quadrature 


+ - Yaniſhibg, and conſequently, the whole Product 


1338 


which is multiplied by that Sine. PE. 
That ſame Product vaniſhes alſo, and with ir 

the Force which it repreſents, when the Sine- of 

the Diſtance of the Node from the Syzygy va- 


niſbes, that is, ſuppoſing the Line of Nodes in the 


Syzygies : It is allo deduc'd from this, that the 
Line of Nodes N (Plate XXV. Fig. 5.) conti- 
nued goes thro” the Sun, wherefore the Sun is in 
the Plane of the Orbit itſelf, and therefore can- 
not draw the Moon but in that Plane. 


133 9, The Force alſo, which we examine, is increas'd 


as the Moon advances towards the Syzygy, and as 


342 he Ecliptic, PA the Orbit of the Moon; whey 


Plate XXV. Fg. 6.] Let Pp be the Plane of 
the Moon is come to A, that is, is receded a 
little from the Node, it is remov'd out of the 

of the Orbit, and in the ſecond Momert 


ĩt is not carried along A B (the Continuation of 


1341 


the Orbit PA) but along Ab ; becauſe it comes 
towards the Plane of the Ecliptic along Bb; 
therefore it is mov d as if it came from a more 
diſtant Node p. Whence it appears, that the Nodes 
go backward, whilft the Moon moves in its Orbit, as 
long as it recedes from the Node: The Nodes 
alſo go back whilſt the Moon is going to the op- 
poſite Node; becauſe as the Moon is continually 
driven out of its Orbit towards the Plane of the 


Ecliptic, it is continually directed to a Point leſs 


diſtant, and comes ſooner to the Node, than if 
not being agitated by ſuch a Motion, it had 


_ _. . continued in Motion with the ſame Celerity. 
1342 Conſidering one entire Revolution of the Moon, 


ceteris paribus, the Nodes -move in Antecedentia 


*133o/wifteſt of all, when the Moon is in the Syzggies* 


1337 


then ſlower and fil wer, till they are at veſt, when the 
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Whilſt the Earth is carried round the Sun 
(even when we don't attend to the above-men- 
tion d Motion of the Nodes) the Line of Nodes 1 343 


does ſucceſſively acquire all poſſible Situations 


in reſpect of the Sun; and every Tear goes twice 
thro the Syz.ygies, and twice thro the Quadratures. 

F now we conſider feveral Revolutions of the 1344 
Moon, the Nodes in one whole Revolution go back | 
very faſt, the Nodes being in the Quadratures ; then 1339 


flower, till they come to Reft, when the Line of Nodes 


is in the Syzygies.* | | 1338 

By the ſame Force with which the Nodes are 1345 
mov'd, the Inclination of the Orbit is alſo chang'd; 
It is encreas'd as the Moon recedes 8 the Node; 


and diminiſh'd as it comes to the Node, 


Plate XXV. Fig. 6.] For the Angle b pL 1346 
is leſs than the Angle AP L, and for the ſame _ 
Cauſe it is continually diminiſh'd, and the Incli- 
nation becomes greater; but when the Moon 
is come to the greateſt Diſtance from the Plane 
of the Ecliptic, and is going towards the oppoſite 
Node, the Direction of the Moon is continually 
inflected towards the Plane of the Ecliptic, and leſs 
inclin d to it than if it contina'd in Motion in its 
Orbit: Let N n be the Plane of the Ecliptic; 
the Curve N x the Orbit of the Moon; by the 
Force whereby the Moon is continually removed 
out of it, the Way af the Moon is chang'd, - 
and it goes in the Curve Ny, which is more 
inclin'd to Np at N than at p; ſo that we 
muſt conceive the Inclination of the Plane of the 
Orbit to be twice chang'd,* whilſt the Moon 31:4 
moves from one Node to the other; therefore + 
this happens four times in each. Revolution of the 1347 
Moon, it is twice diminiſh'd, and twice again encreas d. 
Plate XXV. Ng. 4.] Suppoſing the Nodes N n, 1348 
to be in the Quadratures, the Forces which in ane 
Revotution encreaſe the Neige and diminiſh it, 
ate equal to one another; for by reaſon of the 
; 83 equal 
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equa! Niſance of each Nods from the $yzy gies, 
Forces that chan 5 e 7 hag ay D 
and e are quai BA oxces 4K che arte ſpon- 
51336 dent Poigts 3 el the Arcs D and * by the 
former the ae iS encreas E - the lane 
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of lactation a4 copy t 8 te uy is xęſtor d 
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713320 ang'd. \ D t he Mot IN a "rg gel of the 
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depen ey the parallel 9 779 e 
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(far Ex, the Lim | OR KONG the di 
tua or os Moon uin 815 1 Rees om. the 
Nodes "goes und the Quadratures. Nu, in 
„ Which the Force "Whip Ne ve the Ayclination 
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the Angle made by the Plane of the (Qrbit with 
the Plane of the Ecliptick is termingggd.” *1349 
- All 'the Errors in the Mon = Alvtwon that we have 1353 
4 we Jaweerbing gear in the C jundilun. 
5 in the Oppoſit ion. | 2... 1295 
Al the diſturbing Foress are augen d by — 1354 
covering their Relation «with che Audition of 
Gravity in the 9 — 4% for which Rea-* 194 
ſon they: all undergo che ſang Changes as that | 1236 
Addition does, that Is; they te mver ly, os the 
Cube of the Dat #j the Sur frow- the Kurth, 2289 
whioh hen it dem the ' ſame, bey are ue the Mi- 
ſtaute f ths , Nom rhe Rub. Cu, 1288 | 
all the diſturbing Forces togethes, i Dm ,,, of 1 I355 
povaits;* which false imtaediately , 1296 


— Nagler Aeli I it appears” 972 


from then, Aist corkeler ing (vera! Revoluyens 37? 
rogether, th crak Prwmition of Sari 1217 
exceed the Rott of the fimiitals of it.“ gf 1318 
| Therefote #e Ave of the Moen land re- 4 1356 
in general, n Gravity wf tit Mos unnd, whe 
Earth is dm comulg near 3 thewdſdre 355 
when it is leſt anrated bby the Eatih ——.— 1354 
mere from it than it wauld recede i c 
no ſuch Dimination bf Gearing; rob in, 
had Caſe the Moon's Diſtance ib enareas d. 48 1357 
als +» — Suge? ton that — * the. % 
ee alfo the Difttice vf it tos am- 
. when tht Earth is in the feu 2 
3 is e diſtant from eget; 5 
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the Syſtem is govern'd ; which is very agreeable 
to that admirable Qrder which we obſerve every 
where, that no Forces act upon the Planets to 
1358 deſtroy them; that is, that the Figure of a Planer, 
'* whether it be @ Primary or Secondary Planet, is fuch 
as it. would acquire, if it wholly confifled of fluid 
Matter; which agrees with the Phznomena. 
1319 Whence it follows, that al! the Primary and 
Secondary Planets are Spherical; for they conſiſt of 
12064 Matter whoſe Particles gravitate towards one 
1201 another; from which mutual Attraction a Spherical 
Eigure is generated in the ſame Manner as a 
Prop becomes round from another Sort of At- 
34 traction of tlie Parts.“ | 
4360 This Pherical Figure of the Planets is not chang'd 
from their Motion round the Sun, or from the Motion 
of the Secondary Planets about. their. Primary owes ; 
becauſe all the Particles are carried by the fame 


Motion : Butthis Figure undergoes ſome Changa 


by the Motion round the Axis, and ſo much 


the greater as this Motion is ſwifter. 
x36: Plate XXV. Eg. 7.] Let PP be the Axis 
ol @ Plans; Ee the Diameter of the Æquator, 


perpendicnlar to the Axis; let there bs a Canal 


' PCE fill'd with a Liquid; this Fluid will de- 


ſcend by its Gravity in both Legs towards C. 


and will not be ar reſt till the Preſſure in both 
Legs be equal. If the Nanet be at reſt, the 
21359 Height of the Fluid in bath Legs will be equal: 

| but if the Planet, be mav'd about its Axis P p, 
all the Liquid in the Leg CE will endeavour to 

* 217 recede from the Centet by its centrifugal Force,* 
.223 which Force acts contrary to Gravity,“ and 
therefore aer Gravity; ſo, that there 

is no Aquilibrium till CE exceeds 8 P. Now 

if the Canal be taken away, the lateral Preſſure 

of the Fluid, of which the Planet conſiſts, does 

get change the Gravity towards C, nor — 

| * ; ce. 
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ference between the Heights of the Columns 
CE, CP;* therefore the Planet is every where* 280 
higher in the AZquator than in the Poles, and 
acquires by its Motion round its Axis, the Eigure of 1 362 
a Spheroid depreſs'd in its Poles ; for the Elevation 
is continually diminiſh'd as you go towards the 
Pole, becauſe the centrifugal Force is diminiſh'd_ 
by reaſon of the Diminution of the Diſtance - - 
from the Axis. r 
If what has been demonſtrated be compard 
with the Phanomena, it will appear why all the 
Bodies in our Syſtem are ſpherical; “ bur that* 924 
this Figure is not exact, bye 2 little chang'd by | 
their Motion round their Axes,* tho this cag t 1362 
be obſerv'd in moſt of them, may be deduc d 
from Obſervations made upon Jupiter and the 
Earth. Aſtronomers have olſerv d that the Axis of 1363 
Jupiter is /horter than its Equatorial Diameter; 
altho this Planet be the greateſt of all the Pla» 
nets, it is moved the ſwifteſt about its Axis, 962 
and therefore this Difference may be obſerv “. 
The Elevation of the Earth at the (Equator is 1364, 
determin d by #4, altho* perhaps to the Inhabi- 
rants of the other Planets, if there are any, it 
may not he more ſenſible than the Elevations on 
Mars and Venus are to us, which ate ſo ſmall 
that we cannot perceive them. | ; 
Suppoſe the Earth to be fluid, it will acquire 1365 
the aforeſaid ſpheroidical Figure ; * if the Parts* 1362 
cohere towards the Center, the Poſition of the 
other Parts will not be chang d thereby, not will 


it be chang'd if in ſome Places the Paxts cohere 


together quite to the Surface; ſo that the Sur- 
face of the. Sea mult neceſſarily acquire a ſphe- 
roidical Figure depreſs d at the Poles. But 
ſince the Shores are every here but a little ele- 
vated above the Surface of the Sea, it is certain 


that the. Continent acquires the ſame Figure bo 


* 9 
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Now to meaſure this Vlevarion, that is; how 
much the Diameter of the quator of the Earth 
is longer than the Axis, we muſt conſider its 
Motion round ies Axis in the Space of 23 Houts, 

560 56 Min. 4 Sec.“ and ſuppoſing the homo- 
eneous, e Computation wil be mache in the 
ollo win 'Manper. 
iges, The Veriphery of "the: Duck is 72626278 
 Rhyuland Feet; nes in one Second of Fitne, 
a Feint of the #7 quaror goes thro' 1488 Fett ; 
the Verſed Sine of { which Ax is 8,054; # Spoce 


which evald be one thto* by 4 Body in figh'a 
2 ow.” dark 


Time by the centrif 
By Gravity, a y, in oi Second; 38 we 


have: ſhewn befote, fafls thre? 'v5 807 N⁰tj 


Feet; But theſe Experiments were made ut the 


Diſtance of 49 Dex. fram the EÆquator Be, (Plate 


NN: J at the Point N, the centrifugal 
. — +1 rs the clequiniu Force t A, us 


* 232 0 5 at AB; = ler uh —_—_ Fotee be 


A, fer theſe Lines ave very Atile 4. 
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with which (Gravity 8 Body falls under che Poles, | 
het auſe theſe Paiats are not mov'd. Ar the 
Kaustor, by the e Farce, a Body goes 
thro g, 014. and falls as much in the fame Time 
from the Height af 13,78 Feet; whence it 
appears that the Gravity under che Poles, is to 


. usder the Equatpr, as 289 9 


4 F. g. 5+ mn the Figure: of we Eareh, 
the Weight of. a Commm of Liquid CE will be 
to the Weight. of 4 Column of Liquid C A, the 
Earth being at #96, as 289-10 2883 for otherwiſe, 
the Fargh maaving, thene will not be an eib. | 
um; becauſe a the Colnma CE is fultain'd by 
the centrifugal. Fer; for che centrifugal Force 
decreaſes as you me towards the'Cemer, in the 
_ of the Diſtasce, in which Ratio 'aHfs the* 232 
ity deareeles zi ſa that in all the Points of 1233 
= Col the \fame Patr of the Werght is ſy- | 
ſtan d as towards the Surface. 

Whesce we daduce, cut e Abighe C'Þ at the 1367 
Pole 4 0 —— — the Humor, os 229 
10 nga ye ſuppoſing this Ratio between the 
aud the Fquarorial:Diamerer, if x Cotn- 
rea —— made tif the Gravities in the Places 75 4 
nd E. the Earth being at reit, they dre fohm 
— to one another as 11%. c 120% -f 
which Ratio obtains every where in corteſpon- 


173% the 


the Center as G Ft PE; becauſe in both Le 
the Gravity decreaſes in propertioſ to the B- 
ſtanoe from the Center Leu have the 43 *1233 
by multiplying the Quantity of Mattet by the 
Gravity ; for the Weight enereaſes 10 » Aur 
of both : By anultiphyng 172 1% f. by 229 
1120% 1. by 256. the Produits are t one 
thet a8 285 to 289; whith "iv the Ratio Uf the 
1 before diſeover d. The teun W 
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* 976 of the Earth is 3400669 Perches,* therefore the 
Axis PP is 3393261, and the Æquatorial Di- 
ameter Ee is 3408078 Perches, which exceeds 

136Tthe Axis by 143817 Perches, (wz.) ., and the 

uator is more elevated by 7408, 5. 

1369 In this Computation, as we have ſaid, we 

have look d upon the Earth as homogeneous ; 

ut if it be more denſe towards the Center, the 
Matter which is added to it may be look'd upon 

as a ſeparate Body, from whoſe Center the 
Paints P and E are unequally diſtant, and to- 
wards which therefore the Bodies P and E have 
izzda diflerent Gravity ;* and the Difference is ſo 
much the greater as theſe Differences are greater; 

and it will be alſo fo much the greater in reſpect 

of the whole Gravity, as the Quantity of Matter 
which is added, or which is the ſame, as the 
Denſity is greater towards the Center is greater. 
It is plain that the Forces of Gravity at the 
Poles and the Equator differ from one another 
more than; Parr, by comparing together Experi- 
ments made at ſeveral Diſtances from the Equa- 
tor, by the Help of Pendulums, by which the 
Forces of Gravity may be compar'd together, 
164 as we have ſhewn ;* and which Difference is truly 
165 nearly double that which is found by Computa- 
1379tion; whence it follows, that be Efevatioz of the 
LEquator is nearly double that which we have de- 

*1368termin'd to be 7408,5. Perch. © 
Now if we confider the ſpheroidical Figure 


1371 of the Earth, we-ſhall ſee that heavy Bodies dbu't 


_ : ys tf 25 Earth's Center, en at the 
FYoles and the ÆEquator, but every where perpen- 
dicularly to the Surface of the Spheroid; for a 


Liquid will not be at reſt unleſs its upper Surface 


forms a right Angle with the Direction of heavy 

* 232 Bodies; and the Figure of a Spheroid is 
bora d by the Sarface af 4 quieſcent Fluid. Ve 
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alſo deduce this Direction of heavy Bodies from 1372 
the centrifugal Force, (Plate XXV. Fig. 7.) The 
Body A, by its Gravity, tends towards C, and 
is carried by its centrifugal Force along A 6 ; 
this Force at the Point A is to the Gravity 
along AC, as 1 to 430,8. having form'd a Pa- 
rallelogram with the Sides Ac and A 6, ſuppoſing 
theſe to one another as 430,8. to r, the Dies: 
nal will ſhew. the Direction of heavy Bodies,“ 190 
forming a {mall Angle with the Line AC. The 
Force along A enereaſes as you go towards 
the ÆEquator, whereby this Angle is increas'd, 
but is diminiſhed by the Encreaſe of the Angle 
C As; ſo that in the Equator, where the cen- 
trifagal Force is greateſt, the Direction of hea- 
vy Bodies coincides with E C; at the Pole it 
coincides with P C; becauſe there is no centri- 
fugal Force there. | | 

In this ſpheroidical Figure, the Latitude of the 1373 
Place is determin d by an Angle, as A CE, which 
is made with the Equator, by a Line drawn from 
the Place to ehe Center. Dividing this whole Arc 
PA E, by this Method, into go Parts, that is, 
into Degrees, it will eaſily appear, that going 1374 
towards the Poles, the Degrees are encreas'd on the 
Surface; but this Difference is ſo very ſmall, 
that in —— that are not very di- 
ſtant, it cannot be diſcoyer'd ; becauſe the Ex- 
ror ariſing from the Make and Uſe of the In- 
ſtruments, exceeds this Difference. Whence De- 
grees meaſur d at the South and North of Fraxce, 
as alſo in England, differ little from one another, 
and the middle one is the leaſt of all; wherefore 


nothing can be concluded concerning the Earth's . 1375 


gure from theſe Meaſures. 


D CHAP: 


. . - 
. 
* 
— —— — | F * . m x > —ha 5 TW —_—_ — "Ih » — — 
— . . X — - ——— — * ww — 2 r 4 - 
. 2 my DA, WS — pe "7, Safe 1 oy 27 2 » © * —— th _ © — 0 *4 
= « — Mp 1 - - — > >, — - . 2 = - 
— - — — — * — 
W ——_ * 1 by. a ———_— yi. — - 
5 1 * » 2 — 2 * 5 
2 


4 . - 2 — V -- 
— —— — * 
. IF 


7 * 
1 
0 = _—_ 


a» 22 en 


— PF * vo. 6 1 3 * —_ 11 — 


1 — 


CHAP. XVII. 


The Pies! — of the As; of 


r ere 


T the Nodes of 0 Nioes go beck, 
121 tar s ate mov'd in AtrcordWmin;* and 
that the Inchidavioh ef ns Orbe is lnb to 
* 1347 Changu, we! have ' demonfited ; let 
us conceive ſeveral: Noba be at the ſame 
Diſance;, revolving in equi Tunes out the 
— Fi Mane — d td the Mae —— 
| tix it is plain WI alk be 4 
the fame Motions; 2 — Num- 
ber of the Moons to h eticreds*d; {bv 48 t& touek 
one another, and form a Ring; | whoſe Party o- 
 kixs; hilt one Paw of the is is artracted, 
10 oncrtaſe the: Inelination; the other Part is 
1376 agitated by 4 contrary Motion to dim inter its 
4. —ů— the gretet Fotbe in this Cate pre 
1377 wails, that is in v Motion of the; Line of Note 
yu th Quntifaraves toward the SyLyoies; the Ir. 
ofthatiord of the” Ring is exe 4 in each of it} Rebo- 
WW nd — 4 al; — — 
1350 NM & im ed ay 4 
| Armen, i# at re 1 red. kr Of Noh E 
e 2 totonrdi t Mau ue; 


1378 au ir 5 greet 2 * 
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4, 
; 1255 & at at Pn 
$379 if ae e nw Am 18 thi 
niſb d, its Motions will not & chunʒ a; becauſe they 
: depend upon Gravity, which acts equally upon 
-1027every Particle of Matter. 
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If the Diameter of the. Ring be dinziniſh/d, theſe 13 
Motions are W bea 25 "is De. ay 
minution,* none of them w V "ag 
and it it agitated by the ſame Motions. * _ 
Lex us canceivs, the, Earth ta be ſpherical; 1381 


and in my Plang of the Equator, which makes 
aa 


Angle of 23 Degs 2g. Min. with the Plane of 
the Ecliptic, let there be a Ring, revolving in 
the fame. Time. a8, the Earth; let it be dimi- 
niſh d ſo as to touch the Earth, and cohere with | 
it; by this the aforeſaid Motion of the Ring 
Will not be deſtroy'd ; for ſince the Earth is kept 
in a determinate Situation b Fes 3 it yields 
to the Impreſſions of Be: ing, whole Agita- 
tions ate yet dimigiſi dy the Matter to be mor d 
being encreas d, and the moving. Power remain 
ing the ſame. 
And this is truly the Caſe, for the Figure of. = 
the Earth & ſpherioal, encompaſs d with a Rin A ; Bi 
at -the ator whereby th EA more ele- 1 
3 the Equator, 22 = ep hls | 
of which Ring, Poe ages 
the Æquate: s e deduce 


the followin 9 
In the AEquinoxes , the Incſination of the 1382 
Equator is leaff aff all; and therefore the Iucli- 1377 
nation of the Axis if the greateſt; for it makes a 
right Angle with the Plane of the Equator?. 1075 
The 3 of the - 15 en N 
| is dimini d, 
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1336 The Plane of the Equator is inclined to the 

Plane of the Moon's Orbit; for it makes a ſmall 

2969 Angle with the Plane of the Ecliptic :* And 

therefore the Moon acts in the ſame manner up- 

on the Ring as the Sun; and altho* the Moon 

be leſs, yet, it is much leſs diſtant than 

the Sun, i it exerts a greater Action upon the Ring. 

1387 Wherefore alſo the Iarlinatian of the Axis of the 

3 Earth f6 the Plane of the Moon's Orbit“ (and 

—eonſequency to the Plane of the Eclipiic ) is twice 

it every Revolution, and twice reſtor d by the 

445 of the Moon + And the Seftion of the Plane of 

the Ser, with the Plane of the Moon's Or- 

©1385 bit,“ is carried in Antecedentia : From which 

Motion neceſſarily follows, that the Section of 

the Plane of the ÆEquator, with the Plane of the 

Ecliptic 2 itt Place. 

1 388 of the lachindtios of the Axis ure too 

ſmall to I 4 but the Change of Place of the 

1389 Law of the Equinoxes, and the Motion of the Axis 

which allows _ * being always carried the 

ſame way, en bela. and from theſe 
by follow th Phenomena ee * 


2 — ä 


0 H AP. png 
eee the Tides. 


ox AT we may explain the Tides from 


the Principles already laid down, we muſt 
: conſider, that the Earth, as alſo all Bodies near 
"1206it, gravitate towards the Moon ;* therefore-the 


Particles of Waret in the Earth's Surface, which 


Pe towards the Centet of the Earth, (for here 


ect the Conſideration of N 1 1271.) are are 


** with it towards the Moon. ince alſo 

the ſolid Maſs of the Earth is carried towards 

the Moon, according to Laws, which — 
tain 
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obtain, if all the Matter of which it conſiſts 
was collected in its Center* ; what has been de- *1126 
monſtrated in Chap. 16. of the Action of the Sun 1390 
upon the Moon falling towards the Earth, whilſt 
with the Earth it goes towards the Sun, may be 
applied to the Action of the Moon upon the Particles 

of. Water in. the Earth's Surface, which don't. co- 

here with the Maſs of the Earth, but tend to- 
wards its Center, and continually! with its Maſs 

fall towards the Moon; by which Fotce, as we 
have ſhewn*, the Earth is kept in its Otbit, 1280 
about the common Center of Gravity of the 


Earth and the Moon. et! 
Plate XXV. Fig. 1.] Let S be the Moon ;1391 
ALB] the Surface of the Earth, whoſe Maſs | 
tends towards the Moon, as if it was all cok 
lected at T; by the Action of the Moon, the 
Particles of Water A and B, acquire a: greater 
Gravity towards T“; on the contrary, the Par- · 28 
ticles at L, J, loſe; of their Gravity *; whence : 1296 
we deduce, that if the whole Earth was coyer'd: 
with Water, there wou'd. not be an quili- 
brium, unleſs this Water was more elevated in 
the Points L and i, than in a whole Circle 90 
Deg. diſtant from theſe Points; and therefore 
paſſing thro the Points A and B. Therefore 1392 
by the Action of the Moon, the Water acquires a 
ſohevoidical Figure, form'd by the Revolution of an 
Oval about its greater Axis, which being continu d, 
goes thro the Mn WIS 
Loet us ſuppoſe the Moon in the Equator ;; 
all the Sections of the Earth which ate parallel 
to the Aquator ;, as they are alſo parallel to the 
Axis of the Spheroid“, are oval; whoſe greater 192 
Axes paſs thro” the Meridian of the Moon; | 
whence it follows, that the Enrth being at reſt, in 1293 
am Circle of. Latitude, the Water is mort ele uam 
Voi. II. eee * 
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in the Meridian in which the Moon is, and in the op- 
Poſite Meridian, than in the intermediate Places. 


| Dzrinition * 
1394 A Lunar Day, 4s the Time ſpent between the 
| Moon's going from the Meridian and coming to it 
again. This Day is divided into 24 Lunar 
Hours: It is 5o Minutes longer than the Na- 
tural Day. Es GENS: | 
From the Motion of the Earth round its Ax- 
is, every Lunar Day every Place paſſes thro' 
the Meridian of the Moon and the oppoſite Me- 
ridian, thar is, twice paſſes thro' that Place, 
1395 where the Water is rais'd by the Action of the 
Moon, and twice thro* that Place where the 
1393 Water is depreſs' d by the ſame Action“; and ſo 
in a Lunar Day the Sea is twice elevated, and twice 
depreſi'd, in any afſign'd Place. i 
1396 By the Motion of the Earth round its Axis, 
the elevated Water continually recedes from the 
Meridian of the Moon; yet by the Action of 
the Moon, the Axis of the Spheroid paſſes 
*1292thro* the Moon“; therefore the Water. is conti- 
nually agitated, that the Elevation, which (on 
Account of the Motion of the Earth) is re- 
mov'd, may be brought under the Moon. 
I Therefore the Water continually flows from A 
and B (Plate XXV. Fig. 6.) towards L and 1, 
whilſt by the Motion of the Earth the Eleva- 
tion is cartied from L towards B, and from 1 
towards A; that is, between L and B, as alſo 
between and A, there are two contrary Mo- 
tions, by which the Water is accumulated; ſo 
that the greateſt Elevations are between theſe 
Points, (vix) not directly under the Moon, but 
on one Side of that Point, and likewiſe aſide of 
1g the oppoſite Point. That is, in any Place, the 
Mater it moſt elevated, two or three Hours 225 the 
R . — | 4 4 00 


oppaſite Meridian. | 


fore from the Action of the Sun, every Natural Day, 1401 


the Moon; yet it is ſubject to the ſame Laws. 1402 


the Natural and Lunar Day“. 


the Moon paſſes from the Syzygy to the Quadrature, 


the contrary they are encrea d, when the Moon 


/ 


more different than at a Full Moon. 1402 
vill the ſecond, or third Day after the New or Full 


{ently deſtroy'd from the Attrition, and other 
Cauſes, by which acquir'd Motion che Aſcent of 


VOI. II. 1 2 which 
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Moon has paſi d the Meridian of the Place, or the 


The Elevation towards the Moon a little exceeds 1398 
the oppefite one. The Aſcent of the Water is dimi- 1390 
niſh'd, as you go towards the Poles, becauſe there is 295 
uo Agitation of the Water there. 15 

What has been demonſtrated in Relktion to 1399 
the Moon, may be applied to the Sun; there- 1400 


the Sea is twice elevated, and twice depreſs d*. This * 1393 
Agitation is much leſs, on account of the immenſe 
Diſtance of the Sun, than that which depends upon 


The Motions which depend upon the Action of 1403 
the Moon and Sun, are not diſtinguiſh'd but con- 
founded; and from the Action of the Sun, the 
Lunar Tide is only chang'd ; which Change varies 
every Day, by reaſon of the Inequality between 1404 
| 1394 
In the Syzygies the Elevations, from the Actions 1405 
of both Luminaries, concur, and the Sea is more 
elevated ; the 'Sea aſcends leſs in the Quadratures ; 
for where the Water is elevated by the Action 
of the Moon, it is depreſs'd by the Action of the 
Sun, and ſo on the contrary. Therefore, whilſt 1406 


the daily Elevations are continually diminiſh'd : On 
moves from the Quadrature to the Syz.ygy. At a New 1407 


Moon alſo, cateris paribus, the Elevations are greater, 
and thoſe that follow one another the ſame Day, are 1398 


The eateſt and leaſt Elevations are not obſerv'd, 1408 


Moon ; becauſe the Motion acquir'd is not pre- 


the Water is encreas'd. altho' the Action by 
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N hich the Sea is rais'd be diminiſhd j ſomewhat 
like to what we have demonſtrated elſe where 

.*1174concerning. Heat“. 

If now. we. conſider the Laminarics: receding 
ftom the Plang of the Æquator, we ſhall per- 
1 FRE that the Agitation is diminifhd\, and be- 

ö como lefs, according as the Declination of the Lumi- 
naries becomes greater. Which plainly appears, 
if we. conceive: them to be in the Poles ; for 
then the Axis of the ſpheroidicab Figure coin- 

cides with the Action of the Karth; and all the 
Sections that are parallel to the: Æquator, are 
perpendicular to che Axis of the Spheroid; and 
therefore circular. So that the Water, in every 
Circle of Latitude, will have. every where the 
ſame Elevation; and ſo: in the Motion of the 
Earth, the Height of the Sea is not chang d in 
particular Places. If the Luminaries recede 
from the Pole, it's eaſy to find, that the Agita- 
tion will be more and more encreas d, till it be 

M the greateſt. of all, the Spheroid revolving a- 

bout a Line perpendicular to the Axis, the Axis 

ol the Sphezoid being e N in che Plane of 

the Rquatour. 


1410 Hence it is plain, why in the Sym. yoies, EY 
inoxes, the: Tides are obſerv'd to he the greateſt, 

both Luminaries being in or near the Æquator. 

' 141 6. The Ations f the: Aeon and Sun are greater, the 
5e l, theſe Rete, ave. diſtant. fron) the Barth" ; but 
1390 when the Diſtance'of the Sun is leſs, and it is in 
the South Signs, often both che greateſt Æqui- 


nactial Tides are obſerw'd in that Situation of 
the Sun; that is, before the Vernal, and after 
the Autumnal Equinox, which yet does not 
— pen evety Tear; becauſe ſome Variation may 
| fiom the Situation of the |Moon's Orbit, 
. e the dN the Bau- 
* ooh 

. 
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Plate XXV. Eg. 8.J Ju Places diftant from the 1412 


uator, as the Luminaries recede from the Aqua- 

tor, the Elevations that happen the ſame Day are 
unequal. Let PP be the Axis of the Earth, EE 
the Aquator, LI a Circle of Latitude; AB 
he Axis of the ſpheroidical Figure which the 
Water forms ; When a Place in the Circie L is 
given at L or 4, it is given in the ſame Meridian 
with the Axis of the Spheroid, and the Water is 
moſt elevated, in both Caſes; yer at L it is more 
elevated than at I; for CL exceeds Ci, which 
Lines meaſure the Heights of the Waters, that 
is, their D.tanges from the Center: Theſe Lines 
wou'd be equal if AL and Bhz: (which are the 
Diſtances from the Axis of the Spheroid) were 
equal. But C7. is leſs, becauſe B, exceeds A L, 
which ariſes from the Inclinatiou of the Axis of 


90 


the Spheroid to the Equator. 
.. As long at the Moon 5s on the ſame Side of the 1413 
Aquator in am Place, that is, towards the 

ine CA continu d, the Elevation of the Water is 
obſeru dito b greniteſt euery. Day, after the Moos has 
paſs'd the Meridian of the: Place, for there is the 1414 
greateſt Elevation when the Place is come to 


* L; but if, +bs Hfuator ſeparates, or 35 berween 

} the Moon and the Plate, of which we ſpeak; that 

7 is, if the Moon be towards the Line CB con- 

he tinu'd, the; Water again at L. will come to the 

at greateſt Height, and every Day, the greateſt El- 

in | watjon of the; Sen will be, after ibe Moon haf pafi'd 


thro the, Ne Meridian. 81 ; | 
All T ' which have been hitherto ex · 
lain d, wou'd exactly obtain, if the whole Sur⸗- 
ace of the Earth was cover d with Sea; but 
ſince the Sea is not every where, ſome Changes 
ariſe fr thence, not indeed in the open Sea j 
Seezut the Ocean is extended enough to be 
ſubject to the Ming wehave-ſpoken'of. 15 
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1415the Sitiation of the Shores, the Streights, aud many other 


Things depending upon the particular Situation of the 
Places, diſturb theſe general Rules. Yer it is plain 
from the moſt general Obſervations, that the 


| Tide follows the Laws which we have explain'd. 


What remains is, to determine the Forces with 
which the Sun and Moon act upon the Sea, 
that it may appear, that they are able to pro- 
duce the Effects which we have mention'd ; and 


that the Actions of thoſe Bodies upon Pendu- 


\ 1416 


lums and other Bodies are inſenſible. 

The Encreaſe or Addition to the Gravity of 
the Moon in the Quadratures, from the Action 
of the Sun, is to the Gravity of the Moon to- 


1291 wards the Earth, as 1 to 198,73*. In which 


Computation we have ſuppos d the Mean Di- 
ſtance of the Moon, from the Center of the 


| *1285 Earth, to be 60 Semidiameters of the Earth“; 


therefore the Gravity of the Moon is to the 
Gravity on the Earrh's Surface, as 1 to 60 x 60 


1208 = 3600 Therefore the above · mention'd En- 


creaſe is to the Gravity on the Earth's Surface, 
as 1 to 643428, in which Computation there is 
an Error to be cotrected. 

This Computation wou'd be nd, if the 
Encreaſe of which we ſpeak, was to the Force, 
with which the Earth deſcends towards the Sun, 

as the Diſtance of the Moon (which is 60 Se- 
midiameters of the Earth) to the Diſtance of 


91 197 the Earth from the Sun“; but it is as the true 


Mean Diſtance of the Moon, which is 60 Se- 
midiameters of the Earth, to the Diſtance of the 
Earth from the Sun. [Wherefore the Encreaſe | 
that we have juſt determin'd, ought to be +5; 
Part encreas d, and will be to the Force of Gra- 
vity on the Farth's Surface, as 1 by to 643428, . 

or as 1 to 6381705 
This Encreaſe of the Gravity of the Moon 
in the Quadratures from the Action of the Sun, 
on 


/ 
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is to the Encreaſe of the Gravity of the Water 
on the Earth's Surface, in Places which ate 90 
Deg. diſtant from the Sun, (from the ſame 
Action of the Sun) as 60; to 1*. Therefore this“ 1288 
Encreaſe of the Gravity is to the Gravity of the 
Water, as 1 to 38605679. The D:minution of 
the Gravity under the Sun, and in the oppoſite _ 
Place is double this Encreaſe*; therefore it is to * 1296 
the Gravity as 1t019302839, and the whole Change 1417 
in the Gravity, ariſing from the Action of the Sun, 
is to the Gravity itſelf as 1 to 12868560. att, 
In order to compare the Action of the Moon 1418 
with the Action of the Sun, we muſt make Ex- 
| eriments in Places, in which, by reaſon of the 
Natrdwncts the Sea is ſenſibly rais'd. Near 
Briftol at the Autumn and Spring, at which 
Times the Agitation of the Sea is greateſt“, the 14 
Water aſcends in the Syzygies about 45 Feet, 
more or leſs, in the Quadratures about 25 Feet, 
more or leſs. Which Numbers are to one an- 
other as 9 to 4. GETS 
The Determination of the Forces, which we 
wou'd find, if the greateſt and leaſt Elevations 
were exactly at the Time of the Syzygies, 
wou'd be very eaſy, which we have ſhewn be- 
fore not to happen ſo.* 140 
The Diſtance of the Moon from the Syzygy, 
or the norte is not always the ſame in 
the greateſt or leaſt Elevation; for this Diſtance 
varies, becauſe the Moon is ſometimes 'more, 
and ſometimes leſs diſtant from the Meridian, 
when it goes thro' the Syzygy or Quadrature. 
The Mean Diſtance of the Moon from the Sy- 
' zygy, or Quadrature, to which the aforeſaid. 
Obſervations ought to be referr'd, is about 18 
ö Deg. 30 Min. ſo that the whole Action of the 
; Sun, neither conſpires with the Action of the 
98 Moon in the Syzygies, nor acts contrary to it 
in the Quadratures. Alſo in ſuch a Caſe, if at 
. © 4 the 
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the Syzygy, both the Luminaries be in the E- 
quator, in the ſaid Diſtance from the Quadtature, 
the Declination of the Moon is 22 Deg, 13 Min. 
more or leſs; whereby the Force of the Moon to 

*; 409 move the Sea is diminiſn d“. Befides, cæterir pari- 
bu, the Diſtance of the Moon from the Earth at 

* iothe Sy2ygies is lefs, than at the Quadratures“; 
1311 whence alſo the Action of the Moon is diminiſh'd 
*14114t the Quadratures*: By attending to all which 
Things we may diſcover, that the Mean Force of 
1419the Sun to move the Sea, is to the Mean Force of the 
Moon to move the ſame, as 1 to 4,4815. But the 
Porce of the Sun is to the Force of Gravity as 
14 71 to 12868560; wherefore the Forte of the Moon 

is to the ſame Force of Gravity, as 1 to 2871485. 
1420 From whence it follows, that theſe Forces of 
the/Moon and Sun are too ſmall, to be ſenſible 

in Pendulums and other Experiments; but it is 
cally prov'd, that they arg capable of agitating 

che eh 
By diminiſhing the Gravity : part, the Sea 

1368 is rais d to the Height of 88902 Rhynland Feet. 
1417 For each Perch contains 12 Feet; whence by 
1421 the Rule of Proportion“, we find that the Action 
1422 F the Sun changes the Height of the Sea two Feet 


*1419and that the Action of the Moon changes it 9,9% 

and that from the join d Actiun of both, the Mean 

| Agitation is of about eleven Feet, which agrees ptet- 

1423 ty well with Obſervations ; for in the open O- 

cean, as the Sea is more or leſs open, the Water 

is rais'd to the Height of Six, Nine, Twelye, 

or Fifteen Feet; in which Elevations alſo there 

is a Difference arifing from the Depth of the 

Yates, But thoſe OY which far exceed 
1424 theſe, happen, "here the Sen pioleneiy enters fn 

Streights or Gulphs ; where the Force is not brokey, 

all the Water riſes higher. 
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- CHAP," XX. 
© 20a. the Moons Denſi ity and Figure. 


H E Forces of the Sun and Moon, fan... 423 
giving Motion to the Sea, are to one another 
in 2 Ratio compounded of the Ratio of the 
Quantities of Matter in theſe Bodies for all the: 1207 
Particles of Matter act) and the inverſe Ratio of 
the Cubes of the Diſtances of che den and Moon 
from the Eartn 71390 
The Quantities of Natter are in a Ratio com- 142 
pounded of the Ratio of the Bulls, that is, off 34 
the Cubes of the Diameters, and the Ratio of 
the : Denſities; wherefore the Forces above-+ 9g 
mention'd, are directly as the Denſities and the 19 


Cubes of the Diameters, and inverſely as dhe ä 


Cubes of the Diftances. _ 

\-Fhe'apparent Diameters of Bodies; that is,! 
the Angles. under which they are ſeen, enereaſe 
as the Diameters themſelves, and diminiſh as 
the Diſtances; that is, they are directly as the 
Diameters, and inverſely as the Diſtances; there 


| fore the Ratio compounded of the Ratio's of: ... 


the Cubes of the apparent Diameters of abe Sun 
and Moon, and of the Ratio of the Denſities, will 


be the Ratio of the Forces, hereby thoſe Bodies 


a& upon the Sea. Therefore the Denſties of 1426 
thoſe Bodies are direFily as the\Forces, whereby they 
as the: Cubes of their 
Diameters : and dividing the Forces E 
the Cubes of thoſe Diamerers, you have en 
8 * I et 
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282 Mathematical Elements Book IV. 
The Force of the Sun is to the Force of the 
*1419 Moon, as 1 to 4,4815 * * 4 Mean apparent 
Diameter of the Sun is 32 Min. 12 Sec. and the 
Mean apparent Diameter of the Moon is; 1 Min. 
IG ; Sec. that is, they are to one another, as 
1427 3864 to 3753. Therefore the Denſity of the Sun 
iz, to the Moon's Denſity as 10000 to 48911: which 
Denſity of the Moon may be compar'd with 
©1260 the Denſities of Jupiter, Saturn and the Earth, 4 
and the Moon is denſer than the Earth. | 
The Quantities of Matter in two Bodies are 
to one another in a Ratio compounded of the 
79 Denſities and Bulks “; that is, if the Body be 
a Sphere, in a Ratio compounded of the Den- 
1 428 {ities and the Cubes of the Diameter s. 
14 -The Denſities of the Moon and Earth, are to one 
wonnen as 48911 to 39114“; the Diameters 
a8 11 to 40,2. therefore the Quantities of Matter in 
thoſe Bodies, are at 1 t9 39,13. Tho' the Den- 
ſities be diſcover d, if you ſuppoſe the Bodies to 
be: homogeneous ; yet the Quantities of Matter 
will be tightly Jefin'd, tho the Bodies are not ho- 


mogenous: for we determine the Denſity which 
that Body wou'd have, if the Matter of which 


the Body really Worm was IgA 4 diffus d all 
1429 Over 21:54 5! 183 


T. — on the Surfaces the Earth — 


1230 Moon are determin d, b by multiplying the Denſi- 


ties by the Diameters ', that is they are to one 
another, as 2, 93 to 1, or as 407, l. io 139, 2. 


Which Number alſo does expreſs the Relation 


of Gravity on the Surface, of the Moon, with 
the Gravity on ches of the Sun, Jupiter 
and Saturn. 


1439 The common e e's of the Moon aud 


1258 


Kath, about which both Bodies are mov d, is 
detetmin d; for its Diſtance from the. Center 10 
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the Earth, is to the Diſtance between the Centers 
of both Bodies, as the Quantity of Matter in the 


Moon to the Quantity of Matter in both Bo- 


dies *; therefore 40, 13. is to 1: as the Diſtance“ 234 


of the Moon from the Earth, is to the requir'd 235 
Diſtance of the Center of Gravity from the Center 


. of the Earth, which is found to. be. of 5126950 ., 


Perches, as is deduc'd from the known Diameter 


of the Earth“, and the Diſtance of the* 956 


n ERTIES Y TT Be 207 oh | 
| To determine the Figure of the Moon, we 1431 
muſt examine what Figure it wou'd have if it 


was fluid“. If we conſider the Moon alone at*1358 
relt, it wou'd be ſpherical * : If we conſider the 1359 
Action of the Earth tipon the Moon, the Moon 


o 


wou'd acquire the Figure of a Spheroid, whoſe 
Axis woud go thro the Earth“. The Force* 1394 
of the Earth for changing 


the Figure of the 


Moon, is to the Force of the Moon upon the 


Earth, as 39, 13. to 1 f. and as the Diameter of 1428 


the Moon to the Earth's Diameter *, which are, 120) 
to ohe another, as 1 f to 40,2. and it is a Ratio 2 
15 * i 354 
compounded of theſe 10, 7. to 1. This Force 
of the Moon, is to the Gravity upon the 
Earth's Surface, 28 1 to 2871485 . 8 which 1420 


Gravity on the Earth's Surface, is to the Gravi 


t 

on the Surface of the Moan, as 407,8, to- 139, 2 a 1429 
or as 2871485, to 989028, ;.wherefore the Ain 
of the Earth for changing the Moon's Figure, is to 
the Gravity upon the Moan 1 Surface, .as 10,7. to 1432 
980028, or as 1 t9 91524, the Gravity being 

chang d on the Earth's Surface, bysistn part, 
the Water is raiſed 8,95 Feet *;. and therefore, if 4 
Gravity was to be chang d vrt part, the Eleva - 
tion wou'd be of 280, 7 Feet, as is found by the 
Rule of Three. If, keeping this Diminution of 
Gravity, we conſider a leſs Body, this 1 | 

; m 
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#9 muſt be diminiſh'd in proportion to &>& Diameter: 
"therefore; from the Action of the Earth, the Ele- 
| vation of — Moon is of x * if the 
1 Moon be homogenous, t not be an 
E 4453 Um, unleſs the Axis of 'the Spheroid Parker 50 
ker "Diameter "which 5s erpendicular tw it 153,60 
Feet. 
1434 The' Elevation of the Moon from the Action of 
abe Earth, may be diſcover'd by one ſingle Pro- 
portion, by knowing the Elevation df the Sea 
m the Moon's Action; for theſe Elevations 
me in 4 lub licate inverſe Ratio of the Gravitie on the 
ſacs of thoſe Bodies. 
„„ If, ſuppoſing this rb be the Eigute of tlie 
3435 Moon; ve conceive the Parts to cohere, there 
e be an ZEquilibrium berwern the Parts of the 
u, unleſs the Axis of the Spheroid be ditected 
22 the Earth; whence we ſee the reaſon 
hy the" Moon akways turns "the ſame Face tow 
he "Park; "by which continua Apiration, 
;Moon' bas at laſt acquir* = Motion ae 65 
$436 of whicti'we hive before ſpoken : wh; 
legs tion e be perfe md in the fame Bae, 
as the Moon performs one” Revolution ; for from 12 
Action abovemention'd, it muſt neceffarily N55 
ijtſelf to ſuch 2 Celeri ity'; for if the Cleriry was 
| ter, it 'won'd be continualty retarded by the 
_ ©*+! Force, whereby the! ſume Face is always di- 
rected towards the Earth; and if this Celetit 
was leſs, it won'd be cöntinually a 
Let this Force is not great 81400 ſen bly x: 
Aiſtutb che Equability of the Mo Mol, acquir* 
J about the Axis, every Reyciution: Therelor 
437 the Morten about the Air if 4 8 15 Tat. 
14 ia 123 Orbit | an 10 
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Tx Numbers ( 1.) and (2.) refer to the Firſt and 
Second Volume. p. ſtands for Page, and. x. for 
the Number in the 1 


AC celeration of heavy Bodies (1.) p. 52. n. 129. and 

N the followin g. Acceleration of Bodies rolling down 

222 2 38. n. 144: e n. « 335 

and fol. | 

Kolipile, (2.0 5. 21. n. 606, 44 3 

Zquation, of Time. (2.) p. 194, 1145. 

Aquator, (2.) p. 181. 1. 1075s P. W TY 

Zquinox, (2.) p. 15. 1. 1155. 

— Praceſſion of f 3 Equinozes, . 201. 1. 1186. 
p. 203. u. 1193. 

— the e this Motion, p. 27. n. . and f 

Air ranked amongſt the Fluids, (1.) p. 209. n. 417 and fol. 


_ —— weighed, p. 223. n. 442. 


 =— endowed with Elaſticity, p. 212. n. 426. and fol. 
— confiſting of ſeparated Particles. p. 216. n. 431. 
Experiments relating to it, p. 223. n. 442. and fol. 
— The Vehicle of Sound, p. 249. n. 504. | 
— —— upon Fire, See Fin re. A 
1c 
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nan Balance; (1.) p. 30. u. 91. 
Blackneſs : ſee Reflection. 


"Te INDEX. 


Air Pump, (i. ) p. 219. u. 435. and fol. 

Altitude or Height of the Stars, (2.) p. 187. n. 1105. 

— of the Pole, p. 190. n. 1126. 

Amplitude of the Stars, p. 187. n. 1104. 

Angle of Incidence, (2.) p. 28. n. 621. 

— of Refrattion, ibid. n. 623. 

—— Reflection, p. $1. n. 781. 

Animals cannot live without Air, (1.) p. 23 2. n. 463. 

— in condens d Air, p. 233. n. 465. 

Aphelia of Planets, (2.) p. 152. n. 935. 

Bier Plawe, (2.) p. 152. n. 937. 

The Line of the Apfides, p. 152. n. 938. 

Aſcent of Fluids, in capillary Tubes, (1.) p. 13. n. 35. 

even in a Vacuum, ibid. n. 36. * 

between two Glaſs Planes, p. 14. n. 37, 38. 

Afteriſms, P. 202. u. 1190. and fol. 

Atmoſphere, (.) p. 209. n. 418. 

Attraction, (1.) p. tr. . 31. 

the Laws of it, ibid. 

from Gravity, (2.) p. 207. n. 1210. 

The Space: of Attraction, (2.) p. 31. n. 632. 

Auges. See Apfides. | 

Axioms concerning Motion, (1.) p. 21. n. 58, and fol. 

Axis of a Planet, (2.) p. 154. n. . | 

The Mation of the Axis o the Earth: ce the . 
uinoxes _ | 

Axis in Peritrochio, (1.) p. 38. n. 112. 

—— the Properties of it, p. 39. n. 113. and fol. 


Axis of a Balance, p. 28. * 
| Balance, it Properties, ( 1.) p. 28. n. $7. and fol. 


the Perfection of one, p. 34. n. 102. 
Falſe Balance, p. 30. u. 2 
— Hydroftatical Balance, p. 134. n. 2711. 


7 


Black Bodies grow warm ſooner t than Bodie of other Coleus, s 
(20 p. 145. n. 999. 1 5 
Body, its Properties, (0 P. 4. n. 8. and fol. ; 
| Burning 


bin Plates, p. 136. n. 


. 
Burning Glaſſes, 02. p. ot n. 5 
Celerity, 0 f 20. N. __ 


— — relative, p. 7 oY 8 
. 28; 1. e 
Center ro. (1.Yp: n. 95. gh. 
, Properties, | ibid) n. 96. and fol. 
One p. 65. n. 16. 

— of Percuſſivn, p. Gy. n. 162. 

nay (.) p. 105. h. . 

their Properties, p. 105, n. 221. and fol. 
compat” d together, p. 112. n. 231. and föl. 
Centrifugal Force, 905 1. p. fog. n. 218. 


Centripetal Force, (1. ) p. 105 n. 219. 
' Dark Chamber; (2) p. 59. n. 71. p. 94. n, OF. 
The Law of Coheſion, (I.) p. 11: n. 31. 
Colour of Object, (2.) p. 116: i. "$59: 
— of Rays, ibid. n. 860. | 
This on! Ct is & 2 1 unchitgeable, p. 417 n. . 
and fol. 
The Order c Coloars, actording 75 their diffrent Aan. 
gibility, P- 117. n. 861 
mix d Colours, 2 127 1 


901 
2 whence Colaurs come t be 7 7 Fah, p- is. 


n. 911. 915. 


Why Colours vary in ſome Badies according to the Situation 


of the Eye, 7 Colo n. 9 


mn Change of olours i La ids ie , 146. n 916 
3 appearing of 4a 2 tO according as 7 


by reflefied or baud 492 p. 147. ite 


The Colours of the Cds, ibid, . 


— their N ibid, and Fa 


Bade, from whe milky gn. 10 8. 


5 p. 146. n. 91e. *\ e 
— Gy. ws Fino TY” .\ ale 
did exp * 05 4 p- 0 n. 810 


" and fol. 
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INDEX 
The Conjunction of the heavenly Bodies, GN 
n. 4010. | 
Conſonances, (i.) p. 255.n. 525; and fol. 
Courſe of a River, 2 195. n. 392. and fol. 
m_ — Swi ſs of irs Courſe,p. 199. n, 3 
and fol | 


Rock Chryſtal made hc yinhing (2.) p. 3 n. 552. 


Natural Day, (3.) P. 193. - 1141. 

Artificial Day, p. 194. n. 1147. 
i Their Differences, ibid. n. 1152. and el. 
5 Lunar Day, p. . 13944. # 
Declination of a Star, (2.) p. 182. n. 107% 
Degrees of Latitude encreaſe as you come ref the 
- Poles, (2) p. M. 124% & /hnO/ 
Denſity, (i.) p. 146. u. 284. 
How to determine the Denfty of Flaids, (x) p. 159 _ 

n. 309. and fol. 


3. The Denſities of Planets, 29 p. 1 . n. 12684 
Dilatation by Heat : {ce Heat. 
1— Ditonus, (i.) p. 255. u. 530. 1 
Diviſibility of Matter, (1.) p· * n. ib; 15 5. n. it 
II and fol. p. is. n. 26. | 
85. p becomes Joberical, (t.) - x 12. n. 33. 


u | The Earth ee Plants, (5. 155. i 9682 
— its. Motion and Diſtance; ibid. n. 960. p. 164. 


6. . 996. and fol. p. 183. n. 1081. and fol. P. 200; 
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